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ABSTRACT

PALEOINDIAN LIFEWAYS OF PALEOARCHAIC PEOPLES:
A FAUNAL ANALYSIS OF EARLY OCCUPATIONS
AT NORTH CREEK SHELTER, UTAH

Bradley A. Newbold
Department of Anthropology
Master of Arts
Recent archaeological research within the American west, especially the Great
Basin (e.g., Graf and Schmitt 2007), has perpetuated the notion of decreased residential
mobility accompanied by increased diet breadth of hunter-gatherer groups during
the Early Holocene. The earliest occupations at North Creek Shelter (NCS), a multicomponent site in south-central Utah, date to this time, specifically the Paleoarchaic
(~10,000-9000 BP) and Early Archaic (~9000-7500 BP) periods. The zooarchaeological
data from these levels were analyzed to determine whether Paleoarchaic occupations
on the Colorado Plateau possessed greater residential mobility and narrower diet
breadth than those of the Early Archaic, as they do in the Great Basin. However, upon
examination of the NCS data, neither seems to be the case, or at least not to the dramatic
degree observed to the west, as settlement and subsistence strategies remain fairly
constant throughout the Early Holocene.
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Introduction

The Early Holocene in North America (~11,000 to 8000 BP) was a time of
significant environmental and cultural change (e.g., Madsen 2007; Bonnichsen and
Turnmire 1999), making the understanding of human lifeways during this period
of considerable interest to archaeology. However, well-preserved and stratified
archaeological sites dating to this time are hard to come by. From the handful of early
sites excavated within the Great Basin region, archaeologists have devised a general
model of ecotone-tethered mobility associated with broad-spectrum subsistence activities
for the earliest occupants (e.g., Beck and Jones 1997; Rhode et al. 2005; various in Graf
and Schmitt 2007). Such peoples have been labeled “Paleoarchaic”—starting with Willig
(1988)—to differentiate them from the stereotypical Paleoindian megafaunal hunters
of the same era and to attach them to later Archaic peoples and their broad-spectrum
strategies.
Data derived from North Creek Shelter (NCS) in south-central Utah are revealing
the first glimpses of this same early period on the Colorado Plateau, an important
crossroads between the Great Plains, Rocky Mountains, American Southwest, and Great
Basin regions. It appears that the Plateau may have served as a zone of cultural transition
and transmission, where the earliest occupants, their tools, and their lifeways were neither
Paleoarchaic nor Paleoindian in nature, but something of a conglomerate. The goal of this
thesis is to test the Great Basin models of Paleoarchaic settlement and subsistence with

1

faunal data from NCS to determine their success at describing early human occupation on
the Colorado Plateau.

Environmental and Cultural Context
Regional paleoenvironment
		

Early Holocene climates were dynamic throughout North America.

Paleoenvironmental modeling using data from Colorado Plateau packrat middens (Cole
1995, 1990; Betancourt 1984; Betancourt and Davis 1984; Cole and Arundel 2005)
described depression of late Pleistocene (~12,000 to 9000 BP) vegetative belts by
some 2500 ft in elevation, suggesting a cooler and wetter regime for the region (Figure
1.1). Faunal evidence from Bechan and Cowboy Caves (see Figure 1.2 for locations of
selected regional sites) suggest that these early conditions were preferable for mesicloving organisms and now-extinct fauna (Jennings 1980; Agenbroad et al. 1989). Local
plants at the time characterized a montane community—spruce, Douglas fir, and Rocky
Mountain juniper—again suggesting a much cooler regime. However, a more xeric
climate was present at Cowboy Cave by about 8700 BP, as evidenced by the expansion of
juniper and oak and the contraction of sagebrush (Spaulding and Peterson 1980).
A cooler and wetter environment is also proposed for the Great Basin prior to
about 8300 BP (Grayson 1993, 2002; Wigand and Rhode 2002; Madsen 2002; Bensen et
al. 2002). The analysis of small mammals at Homestead Cave (Grayson 2002) and birds
and small mammals at Camels Back Cave (Schmitt and Madsen 2005) again document
the shift from more mesic conditions of the very early Holocene to the more xeric
conditions of the early to middle Holocene beginning, again, at about 8300 BP (see also
Rhode and Louderback 2007; Huckleberry et al. 2001; Madsen et al. 2001).
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Figure 1.1. Elevational movement of vegetation zones through
time along the lower Colorado River derived from packrat midden data (after Cole 1995; modified from Cole 1990). The ellipse
signifies the location of NCS during the time in question.

		

Charcoal identification data from Stratum II at NCS found Douglas fir

(Pseudotsuga menziesii), hackberry (Celtis), mountain mahogany (Cercocarpus),
Mexican cliffrose (Cowania mexicana), probable aspen (Populus), juniper (Juniperus),
and pine (Pinus) (Puseman 2007). Douglas fir charcoal also came from Stratum V, but
was not found in charcoal sampled from above that level. These plants do not grow near
the site today, suggesting that vegetative belts were also depressed at NCS in the very
early Holocene. Additionally, dates from the basal NCS sediments imply rapid deposition
during the Early Holocene, as more than 3 m of sediments accumulated over about 2000
years (between Strata IIa and Vn), while about 1 m was deposited during the subsequent
8000 years (above Stratum V) (see Figures 1.3 and 1.4).

3

Figure 1.2. Selected early sites within the Colorado Plateau and eastern Great Basin.

First Inhabitants
Numerous surface finds of Paleoindian projectile points (Clovis, Folsom, and Late
Paleoindian types) on the Colorado Plateau document an early human presence (Smiley
2002; North et al. 2005; Geib et al. 2001; Hesse 1995; Copeland and Fike 1988; Davis
1985; Geib 1995), and Baer and Sauer (2003) report a Late Paleoindian point from a site
at the mouth of Main Canyon just upstream from NCS. These finds hint at the possibility
of buried Paleoindian occupations, but such have yet to be found on the Colorado
Plateau. The earliest buried and dated sites in the region are NCS (9960 ± 30 BP) in
Escalante Valley and The Pits (9780 ± 100 BP) on the Rainbow Plateau just south of the
Utah-Arizona border (Geib and Spurr 2002) (Table 1.1). Neither has yielded fluted points,
but several large stemmed points were found in the lower levels of NCS.
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Figure 1.4. Stratigraphic profile with radiocarbon dates along the 98 E line looking west.

Table 1.1. Early radiocarbon dates on human occupation
from the eastern Great Basin and Colorado Plateau.

Classic Paleoindian sites are known to the east in the southern Rocky Mountains
(e.g., Pitblado 2003; Stiger 2006; Stanford 1999; Jodry and Stanford 1992), and evidence
of human use prior to 10,000 BP has been documented at three sites in the eastern
Great Basin: Smith Creek Cave, Bonneville Estates Rockshelter (BER), and Danger
Cave (Rhode et al. 2005) (see Table 1.1). BER contains secure evidence of human use
by 11,000 BP (Graf 2007), and the preponderance of available evidence argues for
human arrival in Colorado Plateau/Great Basin region between 10,500 and 11,200 BP
(however, see Jenkins 2007 for pre-Clovis confirmation from the northern Great Basin).
The direction of entry into these western regions due to geographic barriers, such as the
Rocky Mountains, is also under debate.

The Paleoarchaic
Critical data on the very early Holocene in the Great Basin are available from
BER and Danger Cave on the Utah-Nevada border and other Great Basin locales (e.g.,
Goebel et al. 2003; Grayson 1988; various in Graf and Schmitt 2007; Oviatt et al. 2003;
Schmitt et al. 2007; Beck et al. 1994; Madsen et al. 2000). Based on these studies, it is
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argued that differences in mobility (residentially mobile with short-term occupations),
material remains (no groundstone , lanceolate points, non-local toolstone preference), and
a somewhat narrower (than the Archaic) diet, are substantial enough to merit applying the
Paleoarchaic label to cultures prior to ~9000 BP. Madsen (2007) and others (e.g., Rhode
and Louderback 2007) argue for cultural continuity between the Paleoarchaic and Early
Archaic, with diet expanding in the Archaic period to include small-seed processing, as
evidenced by the appearance of groundstone.
		

Dietary data are still inadequate (Haynes 2007), but insights from the Great Basin

suggest the Paleoarchaic diet was broad, with small mammals, birds, and a variety of
plants serving equal importance (Hockett 2007; Pinson 2007). Although a broad diet
is reminiscent of Archaic subsistence, numerous studies have shown that Paleoindian
diets were also broad (Haynes 2007, 2002; various in Walker and Driskell 2007). An
important difference is the absence of extinct fauna from Paleoarchaic occupations in
the Great Basin and, so far, on the Colorado Plateau. Fluted and stemmed points from
Great Basin sites are reminiscent of Plains projectiles associated with now-extinct fauna,
but no such association exists in the Great Basin or Colorado Plateau, nor do these large
points articulate well with the small game emphasis seen in Great Basin Paleoarchaic
assemblages (see Elston and Zeanah 2002; Pinson 2007). Settlement data from a number
of surface and buried sites suggest a wetland settlement-subsistence focus during this
early period (e.g., Beck and Jones 1997; Jones et al. 2003; Elston and Zeanah 2002;
Madsen 2007).
		

The Paleoarchaic (~9000 to 10,000 BP) material culture at NCS is exemplified

by numerous large stemmed projectile points, a relative abundance of exotic toolstone, a
lack of formal groundstone, and profuse quantities of large animal bone. Multiple use
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surfaces and occupational zones are present (see Figures 1.3 and 1.4), but formal
constructed features are much less prevalent than in the later Early Archaic.

The Early Archaic
Early Archaic (~9000-7500 BP) occupations are relatively common on the
Colorado Plateau and include Cowboy and Jim Walters Caves (Jennings 1980), Dust
Devil and Sand Dune Caves (Lindsay et al. 1968; Geib 1996), Old Man Cave (Geib
and Davidson 1994), Atlatl Rock Cave (Geib et al. 2000), Joe’s Valley Alcove (Barlow
and Metcalfe 1993), Rock Creek Alcove (Nickens et al. 1988), Rock Bar Alcove (Geib
1994), and Broken Arrow Cave (Talbot et al. 1999), among others. Without exception
these sites document a broad diet with heavy reliance on a wide range of plant resources,
particularly small seeds, evidenced by macrobotanical remains and abundant milling
stones (see Van Ness and Hansen 1996 for a review). Faunal remains also suggest a broad
diet where small mammals tend to dominate, but various notched projectile points and
faunal bone indicate continued hunting of large game.
Although described as mobile, the presumption is that, in the temperate climates
of the Colorado Plateau and Great Basin, Archaic foragers would have constructed
shelters for the winter months, but few have been found. However, sheltered sites may
preclude the need for such constructions. Early Archaic hearths and storage pits are
present at Dust Devil Cave, for example (Ambler 1996). The earliest known structures
on the Colorado Plateau are those from Cowboy Cave (Schroedl and Coulam 1994);
however, earlier houses are known from the western slopes of the Rocky Mountains in
western Colorado (Stiger 2001).
Great Basin Early Archaic sites such as BER and Danger and Camels Back
Caves are consistent with this Colorado Plateau pattern. Groundstone is present in these
9

levels, suggesting a heavy reliance on small seeds, and nets, traps, and atlatls fitted with
notched points are evidence of broad-spectrum hunting. Based on the Early Archaic
levels at BER, Goebel (2007) describes that period’s strategy as characterized by longer
site occupation, greater use of local toolstone than the earlier Paleoarchaic, and the
appearance of groundstone. The latter especially argues for an increase in diet breadth
beyond that proposed for the Paleoarchaic period.
		

The toolkit recovered from Stratum V at NCS includes Pinto and other notched

projectile points, as well as unifacially flaked tools and abundant groundstone. Although
Pinto points were apparently absent from the early levels of Cowboy Cave, the NCS
points are morphologically similar to those from Early Archaic occupations at Sand
Dune Cave (Lindsay et al. 1968) and Sudden Shelter (Jennings et al. 1980), both on the
Colorado Plateau. Multiple pits, hearths, and use-surfaces (some fire-reddened) (see
Figures 1.3 and 1.4) suggest long-term use for processing or perhaps storage and are
reminiscent of those found in Archaic levels of Sudden Shelter. Abundant groundstone
from Stratum V reinforces the importance of small seeds in the diet during the Early
Archaic.

North Creek Shelter
Setting
NCS sits at the base of a sheer sandstone cliff that forms the southern edge of a
small mesa on the west edge of Escalante Valley in south-central Utah (Figure 1.5), a
small basin surrounded by highlands—the Aquarius Plateau (elevation 11,300 ft) on the
north, the Table Cliff Plateau (10,100 ft) on the west, and the Kaiparowits Plateau (8000
ft) on the southwest—and well-watered by several streams draining these uplands. Three
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Figure 1.5. Overview photo of NCS looking northeast. The site is arrowed.

of these streams—Upper Valley, Birch, and North Creeks—come together within about
a quarter mile of NCS to form the Escalante River (Figure 1.6). North Creek is by far the
largest of these streams and provides a reliable water source today as it most likely did in
the past. Escalante Valley vegetation is upper Sonoran with riverine communities along
the streams. The vegetative context consists of scattered juniper and piñon trees, various
grasses, and low bushes. Dense patches of prickly pear cactus and cheatgrass surround
the site.
Several Fremont-age granaries are tucked into the cliff face overhead and rock art,
both painted and pecked, is abundant on the cliff walls. Rock art panels include historic
inscriptions (Native American and Euroamerican) as well as Fremont and Archaic style
elements. A layer of historic-aged cow and sheep dung overlies much of the flat area at
11

Figure 1.6. Regional setting and location of NCS.

the cliff base, while chipped stone debris, ceramics, bone fragments, and groundstone
are common throughout the area below the cliff. Culturally stained sediments—likely
marking Fremont house pits—can be found further down slope and onto the floodplain.
Smaller rock art panels and scatters of cultural debris continue several hundred meters
along the cliff to the east and north. In sum, the site is massive and clearly multicomponent, both of which testify to the attraction of the locale due to the availability of
reliable water, abundant food resources, and arable land between the slope base and the
creeks.
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Figure 1.7. Photo of the excavation area during the final week of the 2008 season.

Stratigraphy
Between 2004 and 2008, Brigham Young University (BYU) carried out work at
NCS under the direction of Dr. Joel Janetski, revealing discrete Fremont, Early Archaic,
and Paleoarchaic occupations, including numerous use surfaces—many fire-reddened—
with multiple hearths and pits. Excavations exposed 36 m2 of sediment (Figure 1.7) to
a maximum depth of ~4.5 m below the modern ground surface, with human occupation
extending to over ~3.6 m below the same. Stratum IIa appears to mark the earliest
cultural use of the site as charcoal and artifacts disappear quickly below this level (see
Figures 1.3 and 1.4). Excavators extended the test one meter below Stratum IIa and
pushed a probe an additional 75 cm below the deepest excavated level, finding neither
charcoal nor artifacts.
13

		

Site sediments visible in the exposed profiles consist of two distinct depositional

episodes: Strata I-V and Strata VI-VIII (see Figures 1.3 and 1.4). The upper deposits are
best characterized as turbated cultural debris, while the lower sediments are horizontally
bedded consisting of alternating sands and silts with occasional interruptions by human
and rodent activity. These lower sediments appear to be water borne colluvium, more
than likely from the above mesa top, although the exact origin is unclear.
The uppermost layer of the site (Stratum VIII) consists of loose, light gray surface
duff intermingled with layers of cattle and sheep dung covering burned cultural deposits.
This stratum has yielded evidence of Late Prehistoric use in the form of Desert Series
arrow points (Desert Side-notched and Cottonwood Triangular) and brownware pottery
along with occasional Fremont diagnostic artifacts.
		

Stratum VII marks Fremont occupations, with abundant formal tools, such

as arrow points, early- and late-stage bifaces, groundstone, and grayware ceramics.
Charred maize cob fragments and chunks of stick- or beam-impressed adobe also occur
throughout this level. Diagnostic constructed features include two formal clay-rimmed
hearths lying at different depths, suggesting multiple occupations. Several features—a
clay-rimmed hearth, a slab-lined hearth dating to ~1000 BP, and an ephemeral thermal
feature—lay on the same level, suggesting a period of heavy Fremont use. Constructed
features—pits, hearths, rock alignments, and use surfaces—in this stratum suggest
remodeling by Fremont occupants, which site manipulation is reinforced by radiocarbon
dates in the 900 to 1100 BP range a mere 10 cm above a date of 6020 ± 60 BP (see
Figures 1.3 and 1.4; Table 1.2). Although a cultural hiatus of several thousand years is
common at sites on the Colorado Plateau, the gap in human use at NCS seems excessive
and probably is compounded by prehistoric human disturbance of site sediments. The
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Table 1.2. Radiocarbon dates from NCS.

presence of Anasazi ceramics, including utilitarian wares, increases the perceived
complexity of human site use during the Formative period.
		

Stratum VI is primarily Archaic in age, although sediments are heavily turbated

by both humans and small mammals. As a consequence, findings are mixed, with both
atlatl and arrow points and an occasional sherd recovered from this level. However,
sediments closer to the cliff face retained their integrity, and dates from these layers
demonstrate that Archaic-age deposits exist rather high in the stratum (see Figures 1.3
and 1.4).
Stratum V (~7500 to 9000 BP) represents the Early Archaic component at NCS.
Several features—pits, niches, and hearths—are present on multiple use surfaces.
Discontinuous ash accumulations with associated reddened sediments between the more
discrete surfaces document intermittent use. Also, the uppermost of these surfaces,
Surface Vt, probably represents the remnants of a very early pithouse (the earliest known
on the Colorado Plateau) (Figure 1.8), the basined profile of which is visible in cross15
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RODENT INTRUSION
50 cm

section (see Figure 1.3). All projectile points from this stratum are notched styles
dominated by Pintos, and formal tools include unifaces, both early- and late-stage bifaces,
and drills (Bodily 2009). Formal groundstone—thin metates and one-handed manos—
first appears at this level and in considerable and abrupt abundance (Yoder et al. 2009).
The latest Paleoarchaic level, Stratum IV (~9000 to 9500 BP), exhibits a change
in toolkit from earlier and later levels. Stone tools include unifaces, utilized and modified
flakes, and late-stage bifaces, but the projectile point assemblage is comprised of a motley
collection of large notched, stemmed, and other Late Paleoindian style atlatl dart points
(Bodily 2009). Informal groundstone is present in the upper levels of the stratum in the
form of thin sandstone spall, but such specimens could be mere simple abraders (Yoder
et al. 2009). Also, faunal diversity increases at this level while total artifact counts and
surfaces with associated features drop significantly.
Stratum III (~9500-9700 BP) is dominated by the occupational level IIIe, a
massive Paleoarchaic cultural zone with multiple pit and hearth features and abundant
bone and chipped-stone tools, especially steep-edged scrapers (Figure 1.9). Non-local
toolstone is more common than in subsequent periods, although local raw materials are
present (Bodily 2009). A large knife similar to but quite distinctive from those belonging
to the Late Paleoindian Cody Complex of the High Plains was found in the level, but
no diagnostic projectile points were discovered. In terms of cursory observations of
subsistence and settlement, this stratum is probably more closely related to Stratum II
than IV.
Stratum II (~9700-10,000 BP) marks the earliest human occupations at NCS,
comprising fire-reddened use surfaces comparable to those seen throughout the site and
major occupational levels similar to but of lesser extent than IIIe, with one surrounding
an associated hearth (Figure 1.10). This stratum is characterized by exotic toolstone,
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including a speckled greenish rhyolite and increased quantities of obsidian, as well as a
concentration of large stemmed projectile points unlike any in the region (Bodily 2009).
Stratum I (earlier than ~10,000 BP) combines sterile and near-sterile layers below
the earliest known human occupation. However, the possibility still exists for earlier
cultural levels deeper and closer to the cliff face.

Dating
Seventeen radiocarbon dates provide a chronological framework for site occupation
and support the integrity of the site stratigraphy, given that, with one exception, these
dates ladder up nicely from bottom to top (see Figures 1.3 and 1.4; see Table 1.2).
That one exception is an aberrant date of 890 ± 40 BP from a single piece of saltbush
(Atriplex) from the uppermost layer of Stratum IV. This small charcoal fragment was
most likely dislodged from upper levels during the initial site testing by the 2004 BYU
Archaeological Field School. Also, as mentioned above, the dramatic jump from 6000
to 1100 BP between Strata VI and VII could represent a mid-Holocene hiatus that is
common at stratified sites in southern Utah (see Geib and Davidson 1994; Jennings 1980;
Lindsay et al. 1968). With the oldest occupational surface dating to 9960 ± 30 BP, NCS
contains the earliest dated evidence for human occupation on the Colorado Plateau.

Research Objectives
Over the past decade or so, it has become increasingly clear that the adaptive
settlement and subsistence strategies of the earliest inhabitants of North America were
much more complex than implied by the nomadic, big-game hunting characterization
(see Connolly 1999; Grayson 1993; Meltzer 1993; various in Graf and Schmitt 2007).
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While Paleoarchaic occupants of the Great Basin traveled great distances throughout
the landscape, they were tethered to resource-rich, lowland mesic patches and ecotones
(Beck and Jones 1997; Madsen 1999; Jones and Beck 1999; Willig et al. 1988; various
in Graf and Schmitt 2007). However, as the climate became increasingly warmer and
drier throughout the Early Holocene, resource scarcity and/or unpredictability led to a
dramatic shift in settlement and subsistence adaptive strategies after ~8000 BP. Early
Archaic diets and logistical forays expanded to include and exploit low-ranked, hard-toprocess resources, such as seeds and small game, as signaled by formal milling stones
and increased faunal diversity (various in Graf and Schmitt 2007).
Using models for the Great Basin presented in recent publications, namely those
compiled and edited by Graf and Schmitt (2007), this thesis will address the evident
differences and similarities between the Paleoarchaic and Early Archaic time periods
at NCS. The main focus will be on determining settlement patterning and subsistence
strategy through seasonality, site function, catchment area, species diversity, and relative
proportions of specific fauna. In essence, it is predicted that Paleoarchaic occupations
will reflect greater residential mobility and narrower diet breadth than those of the
Early Archaic period. Seeing as neither comparable sites nor testable models exist
for the earliest habitations on the Colorado Plateau, the above theories regarding the
Paleoarchaic/Early Archaic transition in the Great Basin will be tested using NCS faunal
data. Additional ideas and information regarding Paleoarchaic and Early Archaic lifeways
will be gleaned from sites dating to these periods in the American Southwest, Rocky
Mountains, and Great Plains regions in an effort to make final patterns and conclusions
more robust.
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Settlement
The faunal refuse at habitation sites—seasonal camps or long-term stable
occupations—usually contains high species diversity and is accompanied by a full array
of material cultural remains and activities. Residential debris often takes the form of a
thin scatter, which accumulates over time to form a midden, and is often concentrated
in or around a constructed features or along a contour (Reitz and Wing 1999). A highly
fragmented and burned faunal assemblage, as well as evidence for resource depletion
through time can also imply relative sedentism. On the other hand, a kill or processing
site represents a single activity rather than the full array of behaviors related to a home
site with all members of a family unit present. Material culture found at a kill site is
usually composed of remains of predominantly a single species and only a few tool
types associated with the killing and processing of the animal. Relative frequency of
specific skeletal elements of large game can intimate whether a site functioned as a
logistic hunting camp or a residential base and hint at the relative distance between kill,
butchering, and consumption areas (e.g., Binford 1978).
Many inferences about seasonal activity at a site are based on the identification
of specific animals in a collection (Monks 1981). The premise is that most resources are
present, abundant, or in prime condition at specific times of the year and that they are
most likely to be used during those periods rather than at other times. Migratory birds,
spawning fish, hibernating mammals, etc. are all representative of season-sensitive
fauna. Physiological events associated with growth and reproduction are also often
strongly seasonal (Monks 1981), including birth, epiphyseal fusion, tooth eruption, antler
development, and incremental bone growth.
As noted above, it is believed that Paleoarchaic peoples of the Great Basin were
more residentially mobile than later Archaic groups, whose increased sedentism was
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inextricably tied to logistic foraging. The keys to differentiating between residential and
logistic mobility lie in a site’s function and length of occupation, both of which can be
specifically addressed with faunal data. Occupations reflecting residential mobility will be
relatively seasonal and short-term and located at or near resource procurement areas and
will possess evidence for multiple residential activities. More sedentary base camps will
be multi-seasonal and long-term, located at some distance from resource patches, but still
displaying evidence for multiple activities and added formal constructed features. Finally,
logistic foraging camps associated with sedentary base camps will be highly seasonal
or one-time use, located at the site of procurement, with evidence for one activity or a
singular suite of activities.

Subsistence
Foraging theory and diet breadth modeling serve as the theoretical basis for
discussions of subsistence change at NCS (see various in Winterhalder and Smith 1981;
Stephens and Krebs 1986), as their application to human subsistence has provided useful
insights (e.g., O’Connell and Hawkes 1984; Madsen 1993; Janetski 1997; Broughton
1994, 1999; Grayson and Cannon 1999), including understanding into Paleoarchaic and
Paleoindian strategies (Elston and Zeanah 2002; Haynes 2002; Byers and Ugan 2005;
Cannon and Meltzer 2004). Such models make robust predictions regarding subsistence
decisions and are therefore attractive to archaeologists, given that dietary data are among
the most commonly recovered through excavations.
Foraging theory focuses on trade-offs in behavioral options available to
hunter-gatherers (Kelly 2001), with diet breadth models assuming that foragers have
optimization as a goal; that is, they seek to maximize their net intake of energy—calories
serving as currency (Smith and Winterhalder 1992). All other variables being equal,
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the order in which resources are taken is based on their expected energetic returns
relative to other resources. Energetic gains are calculated from the overall caloric value
provided by each resource minus search and handling costs. Highly ranked resources are
usually large-bodied animals that provide a relatively high amount of meat per package
(Broughton 1994; Ugan 2005).1 The relative abundance of these high-ranked resources
determines the extent that lower-ranked resources—small game and high-cost plants—are
included in the diet. Breadth refers to the difference between the net returns of the highest
and lowest ranked resources (Stephens and Krebs 1986). Widening diet breadth usually
indicates a shift toward more frequent use of low-ranked resources because either no
higher-ranked resources are available or these resources have extremely high handling
costs. The basic assumption of the diet breadth model is that a greater use of low-ranked
resources reduces the overall energetic gains of individual hunting episodes and results in
an overall decrease in forager efficiency (Broughton and Grayson 1993).
		

While many researchers do not explicitly refer to diet breadth models in their

observations of Early Holocene faunal exploitation patterns, the basic tenets of diet
breadth theory provide the basis for most of their interpretations of subsistence change.
Detecting subsistence changes using diet breadth models at NCS requires an estimation
of the average return rate of the various animal species available in the site catchment
area. Previously offered interpretations of Early Holocene exploitation patterns make
different assumptions about search costs associated with pursuing certain prey and
methods used to capture different animals, both of which help to determine prey ranking.
As mentioned above, most researchers investigating subsistence trends using prey choice
models assume that ranking is strongly correlated with body size. In this case, biomass,
usable meat weights, and utility indices can help determine characteristics significant to
1
However, Stiner et al. (2000) detail how smaller but easy-to-acquire prey, such as tortoise, will be
higher ranked than similar- or even larger-sized prey that are harder to capture.
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a particular subsistence strategy (e.g., White 1953, Binford 1978, Metcalfe and Jones
1988). Other scholars consider that the flight behaviors and reproductive strategies of
different species may also affect prey ranking by influencing the search and handling
costs associated with capture (Stiner et al. 1999, 2000; Munro 1999). Determining
the relative value of the various animal species in the NCS assemblage requires that I
consider each of these different ranking methods.
Deciding the most appropriate way to measure diet breadth is another important
issue considered in this analysis. By most definitions, diet breadth is a relative measure
of species richness and diversity, or the number and relative abundance of different
species represented in the diet. Species diversity measures, however, have been criticized
for their failure to consider the relative contribution of different resources in the diet
(Grayson 1984). Moreover, diversity may correlate more with sample size, environmental
fluctuations, or preservation conditions than actual human hunting preferences (Stiner
et al. 2000). Recent research on hunter efficiency in western North America (e.g.,
Broughton 1999; Janetski 1997; Ugan 2005) suggests that expanding diet breadth may
be more visible in an increased reliance on lower-ranked species relative to high-ranked
species as well as in a greater evenness in the types of small animals represented in an
assemblage. The artiodactyl index, which compares numbers of artiodactyls in a faunal
assemblage with a lower-ranked resource, such as leporids (Broughton 1994), presents a
widely used relative measure of forager efficiency. Lower values indicate the addition of
lower-ranked prey to the diet, thus broadening it. With respect to the Paleoarchaic/Early
Archaic transition at NCS and according to Great Basin models of the same, one should
expect greater faunal richness and diversity and a lower artiodactyl index value to signal
a shift in subsistence commensurate with the proposed broad-spectrum strategy of the
latter period.
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Scope and limitations
Along with site-specific discussion of faunal bone analysis, it is the goal of this
thesis to present NCS as a type site for Early Holocene occupations on the Colorado
Plateau. For good or ill, the impressive and serendipitous nature of the site seemingly
precludes the discovery of its equal in the near future. As mentioned above, no
Paleoarchaic sites are yet known on the Colorado Plateau against which to test the NCS
findings, and while many single-component Early Archaic sites have been documented
in the same region, none rival in any fashion the stratigraphic integrity of NCS or the
magnitude of its material assemblage.
A second restraint on this thesis is its limited scope in only addressing two
aspects of Early Holocene lifeways—mobility and diet breadth—and those through the
fine filter of faunal remains. Human behavior and culture are multi-faceted entities, the
full exploration of which necessitates a multi-disciplinary approach well beyond the
capabilities of this project.

Thesis Organization
My study of the NCS faunal remains begins with a concise introduction to the
Paleoarchaic and Early Archaic periods of western North America and, specifically, the
Colorado Plateau. These periods have been extensively researched in the Great Basin,
with many scholars detailing the behavioral patterns and cultural characteristics of human
groups residing in the region; however, the same cannot be said for the Colorado Plateau.
I present a brief review of past and ongoing research imperative to understanding the
larger cultural and environmental context of the NCS material remains. I also provide
a basic description of the NCS excavations to create some orientation to the specific
temporo-spatial context of the faunal assemblage. As many artifact and other data sets
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from the site remain to be analyzed, the descriptions outlined in this section are based on
preliminary interpretations of site features and stratigraphy.
In subsequent chapters, I present the methodological process of zooarchaeological
analysis in general and its specific adaptations and applications to the NCS faunal
collection. I also outline expected biases that may skew results and describe the various
statistical and quantitative methods relevant to my analysis. Next, I present the results of
the faunal analysis, which comprises the bulk of my study. The complete findings of the
analysis provide taxonomic classification and counts of all animal bones and taphonomic
information concerning the condition of the recovered remains. These results supply the
basis for the numbers and data employed when examining the assemblage for evidence
of subsistence and settlement change through time. Under the framework of mobility
and diet breadth models, I then reconstruct diachronic patterns at a local (intra-site)
level applicable to the Colorado Plateau region. My thesis concludes by considering the
possible causes of observed trends in hunting and mobility patterns and the implications
these transformations may have had on subsequent periods of human occupation on the
Colorado Plateau.

27

2

methods of analysis

Acquiring the faunal data necessary for reconstructing settlement patterns and
subsistence strategies at NCS involved detailed research and analysis procedures of
both taxonomic and taphonomic identification and interpretation adhering to standard
zooarchaeological methodology. The following discussion summarizes the full process
of recovery, analysis, and documentation of the NCS faunal remains; it is organized
and performed in such a manner as to provide an adequate and representative sample of
faunal data, minimize potential biases or errors in analysis, and ensure consistency for
future comparisons.
Following the compilation of primary taxonomic and taphonomic data from
the sampled faunal assemblage, I tested the data set for biases due to density-mediated
preservation, carnivore scavenging, and other non-cultural assemblage formation
processes. Secondary zooarchaeological data, such as age classes, sex ratios, relative
frequencies of taxa, butchering patterns, dietary contributions, and procurement
strategies, were derived following Reitz and Wing (1999), Grayson (1984), and Lyman
(1994), among others, and all inter- and intra-site comparisons were tested for statistical
significance. I designed the sampling strategy and methods of analysis detailed below to
address the proposed research objectives, namely the identification and comparison of
settlement (i.e., mobility) and subsistence (i.e., diet breadth) patterns between the two
time periods in question.
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Specimen Recovery and Sampling Strategy
The 2004 through 2008 excavations at NCS operated under well-established
archaeological procedure (e.g., following visible stratigraphy with sediments being
removed in 5 cm increments within strata or by use surface). Detailed spatial and
temporal contexts for the recovered specimens were made possible by plotting and
recording artifacts, bone, and rocks in three-dimensional space and by describing,
mapping, and photographing cultural features. Excavators ensured a thorough recovery
of bone, including microfaunal remains, by means of screening sediments through 1/8
in mesh, with care taken to separate rodent burrow fill from intact cultural deposits.
Initial cleaning and sorting of artifacts and remains prior to analysis occurred on site
and at BYU’s Museum of Peoples and Cultures (MPC) following the conclusion of each
season’s work.
For this project, I included only—and nearly all—faunal bone excavated from
the Paleoarchaic and Early Archaic levels at NCS in my analysis. However, due to
time constraints, bone fragments unidentifiable to at least family classification from the
2008 season were not examined, with the exception of all non-mammalian fauna due
to their rarity. Also, I sampled the deepest inter-surface Paleoarchaic levels from the 99
East corridor only. The complete set of identifiable specimens as well as the majority
of unidentifiable fragments—with a total number of specimens ranging into the tens
of thousands—should provide a more-than-adequate sample with which to compare
mobility and diet breadth between the two periods.

Methodology
The faunal analysis of the NCS assemblage was performed in two portions.
Students of Dr. Donald Grayson at the University of Washington completed the 2004
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identifications and analyses, which I double-checked and standardized to my methods
and classification procedure. I also performed the entire analysis of the Paleoarchaic and
Early Archaic material excavated between 2005 and 2008 using comparative collections
housed at the BYU Museum of Peoples and Cultures and the University of Utah
Zooarchaeology Laboratory. The 2004 through 2008 results were combined to address
the questions posed in this thesis.
Analysis of animal bones followed well-tested protocols established by Grayson
(1984), Lyman (1994), and others as well as standardized procedures outlined in the BYU
Museum of Peoples and Cultures Handbook for Faunal Analysis (Fall 2007 edition),
a system which codifies the recording of both primary identifications and taphonomic
observations of all specimens (see Appendix). I sorted recovered specimens into size
and morphological categories, with the goal of identifying both element and taxon, and
bagged them by taxonomic group or other classification with identification slips to enable
ease of replication.

Primary Data
		

The identification stage of zooarchaeological investigation can be equated with

collecting primary data and the analytical stage with deriving secondary data (Reitz
and Wing 1999). Primary data are nominal-scale facts based on observational units
or empirical manifestations that can be replicated by subsequent investigators, such
as element representation and taxonomic identification. Secondary data are analytical
products of the former, derived by means of indices and other quantification techniques
and include age and sex ratios, relative frequencies of taxa, butchering patterns, dietary
contributions, procurement strategies, etc. Primary data may be viewed as more
descriptive and objective than secondary data and thus subject to less interpretive latitude
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(Lyman 1994). Primary data recorded during analysis included taxonomic identification,
element representation (element, side, completeness, and proximity), various anatomical
features such as age and sex, cultural and natural modifications (breakage, burning, cut
and gnaw marks, and weathering), quantity, and specimen weight. Unfortunately, due
to time constraints, I was not able to record any linear measurements of specimens.
Comparisons of frequency per time period were conducted for all primary data vis-à-vis
the research objectives.

Taxonomic classification
Classifying remains to specific taxonomic levels depends upon the state of
fragmentation, the presence of morphologically distinctive features, and the completeness
of the comparative collection. As with the vast majority of zooarchaeological
assemblages from excavated non-coastal archaeological sites, the majority of bone
fragments were mammalian and were placed in various size classes similar to those
derived by Thomas (1969) and others—large, large/medium, medium, small/medium, and
small. Remains categorized as large mammal bones would be from artiodactyls or large
carnivores, while large/medium specimens are probably from smaller (female or juvenile)
or more fragmented individuals of these species. Medium-sized carnivores (canids and
felids) and large rodents (beaver and porcupine) fall within the medium-sized mammal
category. Small/medium mammals could represent smaller-sized individuals of the
previous group or larger-sized hares. Leporids, rodents (mice, rats, squirrels, voles, etc.),
and possibly small carnivores (e.g., mustelids), would all fit within the small mammal
category.
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Age and sex
Anatomical features reflecting age include form and porosity of the specimen,
epiphyseal fusion, tooth growth and replacement sequences, tooth wear, and antler
and horn development and size. Epiphyseal fusion occurs in stages in animals with
determinate growth, with epiphyses categorized as open, semi-fused, or fused, and
each indicating different stages of maturation and usually different ages at death. As
with epiphyseal fusion, the replacement of deciduous dentition generally follows an
established sequence, though the exact age when teeth are fully erupted is variable.
Tooth wear allows aging of the individual after epiphyseal fusion and tooth eruption
are complete. The chief disadvantage is that this attrition reflects the nature of the
food eaten, especially the amount of grit consumed while feeding. In this analysis, I
classified individuals as sub-adult if deciduous teeth are present or if epiphyseal fusion is
incomplete. Specific ages (in months and years) based on dentition were only estimated
for artiodactyls.
Because sexual maturation is part of the aging process, evidence for one often can
also pertain to the other. I determined the sex of an individual primarily on specimen size
and morphological differences, such as large muscle scars on bones of males, although
some diagnostic elements exhibiting secondary sexual characteristics (e.g., antler) were
also present.

Taphonomic modification
Modification refers to peri- or post-mortem alteration of osteological specimens,
whether by cultural or natural agents. Analysis of food processing and distribution, as
well as other site formation processes, combines information about the types of elements
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represented in the assemblage, their fragmentation characteristics, and marks on the
specimens.

Breakage
		

I described bone fractures as spiral, oblique, transverse, stepped, or splintered

(in descending order of probable cultural origin) (see Lyman 1994); percussive flaking
and puncturing of the bone were also noted. I classified specimens exhibiting multiple
breakage types under the type most probably produced by human activity (e.g., spiral
over splintered). Granted, a specific fracture type does not, by itself, indicate a human
fracture agent—even a true spiral fracture (and to some extent an oblique one) indicates
only that the bone was broken when fresh. However, the presence of a loading or impact
point in conjunction with the absence of carnivore gnawing marks can distinguish
culturally broken bones from those fractured by natural processes and agents (Lyman
1994).

Burning
		

Often, the most common taphonomic modification within an assemblage is

burning. Characteristics associated with burning may provide evidence of cooking
techniques, waste disposal, ritual offering, or other uses of fire. I distinguished four
burning stages: unburned, scorched (superficial burning), charred (blackened), and
calcined (blue/gray/white, loss of organic material). Typically, the color of a specimen
can distinguish burned from unburned bone, as well as indicate the range of temperatures
to which a bone was heated and length of heating. Calcination of bone requires high
temperatures and/or long exposure to heat, and natural conditions can regularly carbonize
bones but will very rarely calcine them. “When large proportions of the surface area
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of a bone are calcined, one can safely infer anthropogenic prolonged fires under high
temperatures” (Lyman 1994).

Butchering
		

With regard to human activities, butchering and cooking techniques are of

particular interest to zooarchaeological research. Modifications attributable to human
behavior can be helpful in distinguishing between commensal and food animals.
Hack marks on specimens are usually associated with primary butchery; mid-shaft
cuts or shallow scrapes are often connected with filleting; and cranium, mandible, and
metapodial fragments may exhibit marks typical of skinning (Reitz and Wing 1999).
Where sample sizes are large enough, it is possible to consider butcher marks in terms of
their location, as well as the orientation and direction of the cut or blow.
Modifications related to butchery may indicate “the ethnic identity of the butcher,
the social standing of the consumers, whether butchery was for household consumption
or for trade, or whether the butcher was a specialist producing standard cuts for a
discriminating market or a local householder intent on maximizing the amount of food
and other products obtained from the carcass” (Reitz and Wing 1999). However, such
in-depth analyses into social implications of butchering practices extend well beyond the
scope of this thesis. Simple presence and absence of cut marks sufficed to address the
research objectives, and evidence of marks associated with, skinning, butchering, and
extracting soft tissue (e.g., cuts, scrapes, chops, blows, etc.) was noted.

Gnawing
		

Gnaw marks—most often attributed to carnivores, rodents, and raptors—play

an important role in distinguishing between cultural and natural assemblages and were
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described in the analysis when present. I address the effects of carnivore scavenging on
the nature of the faunal collection in my discussion of potential biases against an ideal
zooarchaeological assemblage and its analysis.

Weathering
		

Weathering is the decomposition and destruction of bone by chemical and/

or physical agents. I recorded weathered specimens and gave a general description of
the agent or its by-products. Even pristine, well-preserved assemblages, such as those
recovered from dry sites, cannot completely avoid natural attrition. In fact, problems
related to density-mediated erosion—again, another topic discussed within the biases
section—constantly plague zooarchaeological analysis.

Quantification methods
		

Quantification of a faunal assemblage is necessary and key to comparisons of

animal use through time and space, with an end goal of defining characteristics that can
clearly differentiate among cultural groups. Good quantitative sampling requires that each
of the species used at a site has an equal opportunity to be recovered, with no skewing to
increase one taxon over another (Reitz and Wing 1999). However, all primary data—and,
thus, secondary data—are influenced by sample size (e.g., Grayson 1984; Kintigh 1984).
Small samples generate a short species list, often with undue emphasis on one species in
relation to others, and reduce the range of possible observations. Quantitative comparison
between samples may be done with more confidence when they are similar in context,
recovery method, and sample size. Fortunately, the Paleoarchaic and Early Archaic
assemblages from NCS meet these essential criteria.
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Specimen weight
		

Specimen weight, which was measured to the nearest tenth of a gram, is

sometimes used to evaluate relative frequencies of taxa or as a proxy for the amount
of meat contributed by a species (although I discuss the inherent problems with such
an approach below). In this project, recording specimen weight proved helpful in
quantifying degree of fragmentation for various taxa, spatial attributes of specimens,
and relative size of specimens (see Reitz and Wing 1999). In general, specimen weight
makes broad classification categories that have few applications, such as “unidentified
mammal,” more useful.

Number of identified specimens (NISP)
The number of identified specimens per taxon (usually identifiable to family or
lower classification), or NISP, is an observational unit that serves as “the basic counting
unit that must be used in any attempt to quantify the abundances of taxa within a given
faunal assemblage” (Grayson 1984). There are many measures that can be derived
from a set of identified specimens; they can be transformed into minimum numbers of
individuals, weighed, used to estimate the size of the death population, transformed into
animal weights, and so on.
		

In such analytical applications, NISP is criticized by some and championed by

others (e.g., Grayson 1973, 1984; White 1953). While future analysts should be able to
duplicate NISP reliably, applying specimen count to estimates of relative frequencies of
taxa is more problematic. By using it as a measure of abundance, the analyst assumes
cultural and non-cultural fragmentation is uniform, recovery rates are constant for each
taxon, and all taxa have an equal opportunity to be counted. Cultural practices related to
transportation, butchering, distribution of meat, cooking, disposal, and non-subsistence
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uses of elements impact NISP as these activities destroy or disperse material. It is usually
difficult to know whether the specimens or units being counted are independent of one
another (see Grayson 1973, 1979, 1984), and the relationship between NISP and diet
is unclear (see White 1953). NISP has also been found to be related to and affected by
the number of identifiable elements in an animal, site formation processes, recovery
techniques, laboratory procedures (see Reitz and Wing 1999), and especially sample size
(Grayson 1984).
		

Differences in numbers of elements and identifiability are particularly significant

issues in assemblages containing multiple taxa. Animals have widely different kinds and
numbers of bones, and the same elements are not present in all species. Even in animals
with similar elements, these may not be equally identifiable. Identifiability is a function of
both the number of anatomically similar—and therefore potentially misleading—species
in an assemblage and the degree of breakage or weathering suffered by each specimen
(Reitz and Wing 1999). Some elements are much more likely to be identified in large
numbers and others may not be identified at all.
		

Another significant bias is that some elements are more likely to survive than

others. Shell survives much better than bone and teeth; likewise, enamel preserves better
than bone. Animals with teeth have a better chance of being recovered and identified.
NISP values of some elements and animals may slowly increase after deposition while
other specimens are lost through chemical and physical processes. Such attritional factors
are not uniform between sites, between temporal components of the same site, or even
among excavation units (Reitz and Wing 1999).
		

Due to the overwhelming number and nature of NISP-biasing agents (although

see Grayson 1984 for a rebuttal), I reevaluated and modified NISP estimation procedures
for the NCS assemblage, and did not use NISP in further analytical derivations or
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statistical analyses aside from basic relative frequency comparisons and calculating
minimum numbers of individuals. While quite often identical to simple fragment quantity
(which was recorded separately), I believe NISP should be more restrictive and reflect
a higher level of quantification than simple fragment counts. In this case, it is critical to
clarify what is meant by “specimen.” Grayson (1984) defined a specimen as “a bone or
tooth, or fragment thereof.” However, Reitz and Wing (1999) describe a specimen as “an
archaeologically discrete phenomenological or anatomical unit.” Following the latter,
more inclusive definition of a specimen, I gave sets of articulated or refitting bones at
NCS a NISP of 1, while noting the original quantity. Also, due to the great abundance,
differential preservation, and highly fragmented nature of teeth (especially artiodactyl)
within the assemblage, I also gave groups of similar unidentified tooth fragments
identically provenienced a composite NISP of 1. Both of these modifications to NISP
estimating procedures served as preemptive and intuitive buffers against inflation and
over-representation of taxa from cultural features and stratigraphic levels, especially that
of deer and leporids which already dominate the assemblage.

Secondary Data
		

Quantified remains provide data used to make a variety of inferences regarding

the cultural and natural processes responsible for the accumulation of faunal deposits
(Reitz and Wing 1999). Relative frequencies of taxa can evaluate the relative importance
of different species in the diet as well as examine subsistence change through time.
Species proportions also contribute to discussions of environmental and preservation
issues. Specimen weights and estimates of prey body size provide probable measures of
the dietary contribution of various species. Skeletal frequency information is used for the
purpose of reconstructing hunting, butchery, and transport strategies, as well as natural
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and cultural depositional processes and resulting issues of preservation. Anatomical
features, such as age and sex, supply information concerning hunting methods and season
of occupation. All of this information is critical for investigating possible changes in
settlement and subsistence patterns though time at NCS.

Relative frequencies of taxa
		

NISP, minimum number of individuals (MNI), and specimen weight are used to

estimate relative frequencies of taxa in faunal assemblages that permit synchronic and
diachronic exploration of environmental fluctuations and cultural differences. Relative
frequencies of taxa are used to augment age and sex ratios, identify specialized sites or
activity areas, and compare animal use by distinctive social groups through time and
space (see Reitz and Wing 1999). Most often, they are employed to evaluate the relative
importance of animals in diets obtained through various subsistence strategies. Taxa may
be combined, using MNI, NISP, or specimen weight, so that interpretations can focus
on relative frequencies of animals representing different catchment areas or captured
by different technologies. Other options include comparing the percentage of one taxon
against another or an index of two taxa against one of those taxa (e.g., the artiodactyl
index; Szuter and Bayham 1989).

Minimum number of individuals (MNI)
Estimates of the minimum numbers of individuals (MNI) are probably the
most common type of secondary data. MNI is a derived analytical unit defined as “the
minimum number of individual animals necessary to account for some analytically
specified set of identified faunal specimens” (Lyman 1994). In most cases, MNI is
estimated for the lowest taxonomic level within a systematic hierarchy, but sometimes a
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higher composite MNI is estimated at the family level. To estimate MNI it is necessary
to consider not only identifications and elements represented, but also age, sex, size, and
archaeological context—a much more complex measure than NISP. Calculations of MNI
for this thesis will be based on all available primary data.
While MNI may be second only to NISP in ubiquity within zooarchaeological
analyses and would seem to have some advantages over NISP—e.g., MNI can
diminish the effect of differential retrieval of bone material from a kill site (see Lyman
1994)—multiple valid critiques have been leveled against it (e.g., Grayson 1973, 1978,
1979, 1984; Lyman 1994). As with NISP, MNI is related to the number and identifiability
of elements in each animal, site formation processes, recovery techniques, and laboratory
procedures. While NISP is plagued by the problem of interdependence but unaffected by
accumulation, MNI is in part determined by aggregation, but each MNI is independent of
every other within those defined aggregates (Grayson 1984).
The manner in which data from archaeological proveniences are amassed during
analysis is of specific concern, here. The combination of several separate samples into
one analytical unit allows for a conservative estimate of MNI, while the “maximum
distinction” method results in a much larger MNI (see Grayson 1973, 1984). The number
of subdivisions may depend upon the research problem, the degree of temporal control,
and the number of discrete excavation units. In this analysis, I estimate MNI values
by cultural feature and distinct stratigraphic levels to diminish aggregation bias while
leaning toward “maximum distinction.”
		

It is sometimes argued that MNI and NISP actually measure two different

aspects of a collection (see Reitz and Wing 1999). Some suggest that NISP minimizes
the importance of species represented by only a few specimens and exaggerates the
importance of species whose elements are more readily identified, especially when
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fragmented or poorly recovered. Others observe that MNI can over-represent rare taxon
and distort species evenness in small, well-recovered samples (Grayson 1984); a single
specimen always represents at least one individual. In essence, MNI is a minimum
estimate of the number of individuals in a collection and NISP is the maximum number;
the actual number of individuals is somewhere in between and cannot be determined.
However, when a faunal assemblage is aggregated according to well-defined contexts and
proveniences, as is the case at NCS, MNI should more closely approximate the actual
number of individuals and prove a more useful analytical tool than NISP.

Relative frequencies of skeletal elements and portions
		

The frequency of specimens from different parts of the skeleton is important

in studies of taphonomy, nutritional analysis, activity areas, site function, economic
institutions and social organization, and especially butchering, transport, food
preparation, and disposal habits. Skeletal frequencies may distinguish among commensal
animals, animals used for food, and those used as beasts of burden, in rituals, or for other
non-food purposes (see Reitz and Wing 1999).
		

Analysis of skeletal frequency is based on the concept of post-mortem

disturbance. Skeletons of species dying naturally and buried immediately are expected
to be relatively complete because they were subject to little post-mortem disturbance
prior to burial. Carcasses that experience post-mortem disturbance are expected to be less
skeletally complete when excavated (Reitz and Wing 1999). The degree of completeness
is also important to environmental reconstruction because it may distinguish between
animals that were part of the proximal community and those which were from more
distant ones. In theory, animals which lived near the site might be more skeletally
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complete because they were transported over a shorter distance prior to deposition and
therefore were subjected to fewer opportunities for loss during transportation.
		

These natural processes are similar to those associated with human filtering. In

general, the skeletons of non-food animals should be less disturbed than those of food
animals. For example, commensal or intrusive animals may be more skeletally complete
than animals used for food because the commensal’s carcass may be unnoticed or
casually discarded intact. Skeletons of animals with economic value to humans may be
less complete because they steadily disintegrate as a result of human food processing
and other activities from the time the animal dies until the surviving specimens reach
the zooarchaeologist (Szuter 1988). Skeletal frequencies may also distinguish between
animals killed some distance from a residence and those killed nearby if heavier, lessdesirable portions of a carcass are left behind at the kill site, while more-valued portions
of a carcass are brought back to camp. This concept is referred to as the “schlepp effect”
(Perkins and Daly 1968).
		

The problem is determining which elements are “valuable,” to whom, and

under what circumstances (see O’Connell et al. 1990). Elements not valued for food
may be taken back to camp because they offer convenient handles or because they are
important raw material. This is particularly true for elements of the lower legs, including
metapodials and phalanges—Binford’s “riders.” The head is usually thought to have
little value because it has little muscle; however, brains are often eaten and used to dress
leather. The cranium, therefore, may be transported at great energetic expense because the
brain is an important by-product (Reitz and Wing 1999).
		

Skeletal frequency, therefore, may indicate several important aspects of a site’s

history. A high degree of skeletal completeness may denote the animal was killed
nearby, its habitat was near the site, and/or it was relatively intact when discarded or was
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not disturbed substantially once buried. Animals with few elements represented may
indicate transport, extensive butchering activity, sharing, or a great deal of post-mortem
disturbance for other reasons. In order to determine which were responsible for the
specific observation, I combined skeletal frequency with other lines of evidence, such as
size and shape of elements, collecting bias, the activities of scavengers, context, etc.

Skeletal portions
		

Skeletal portions are based on 1) specimens that can be referred to a specific

element, 2) anatomical regions—groups of adjacent elements such as vertebrae,
forelimbs, or feet—or 3) butchering units, which may include portions from adjacent
skeletal elements, adjacent anatomical regions, only part of an element, or only one
anatomical region (Lyman 1977). The problem is to get from the archaeological specimen
to anatomical region, breakage unit, and butchering unit in such a way that ultimately
taphonomic processes and human decisions about animal use can be studied. This effort
is confounded by the relationship between fragmentary specimens and elements and by
methods used to estimate the number of individuals. Simple approaches to reporting
pertinent skeletal data are to list the number of identified specimens according to the
elements they represent, present diagnostic zones for each element, or display the
anatomical distribution graphically, among others.

Minimum number of elements (MNE)
The focus in zooarchaeology on taphonomic issues has brought with it a shift
from measuring frequencies of taxa to measuring, among other things, frequencies
of portions of skeletons of individual taxa. Many analyses with such a focus use the
quantitative unit, MNE (minimum number of elements), or some derivation thereof. The
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term MNE signifies the minimum number of a particular skeletal element or portion of
an element to account for all observed specimens (Lyman 1994). MNE is derived by
determining how many elements are represented by the fragmentary remains based on the
presence of overlapping landmark features and, hence, is not the same as NISP.
		

Because MNE is the minimum number estimate, the same problems plague

the derivation of MNE values as plague the derivation of MNI values (Grayson 1984).
Despite this, MNE has become an important quantitative unit, reflecting the fact that
taphonomists are concerned with how and why archaeological faunal remains differ from
the set of skeletal elements making up a complete skeleton. The relative abundances
of different kinds of skeletal elements one observes in an archaeological collection can
be compared to the relative abundances of skeletal elements in a complete skeleton.
Explaining why archaeologically observed relative frequencies of skeletal elements differ
from or are similar to those in a complete skeleton has proven to be an important and
fruitful analytical step. In this project, I employ MNE primarily to derive MAU values.

Minimum number of animal units (MAU)
		

Binford (e.g., 1984) demonstrated and popularized the use of minimum number

of animal units (MAU) as a quantitative unit signifying the survivorship of different
skeletal parts and how humans differentially dismember and transport carcass portions.
His experience with the Nunamiut suggested to him that meat is not utilized by people in
units of single animals, but instead in units of animal segments, and that hunters make no
discrimination between left and right sides of large mammal carcasses. This substantiated
his belief that investigating how people differentially butcher, transport, and distribute
portions of prey carcasses demanded a counting unit which ignored the distinction of left
and right elements, and focused on, say, the number of forelimbs versus the number of
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hindlimbs versus the number of ribcages that were transported. Binford thus proposed the
MAU quantitative unit to fulfill this analytical function.
To derive MAU, the observed bone count for each anatomical unit (MNE, in this
thesis) is divided by the number of times that anatomical unit occurs in one complete
skeleton. This, in effect, standardizes the observed frequencies of all anatomical units
according to their frequency in one animal in order to monitor how many of each of
the various portions of carcasses were represented. Following Binford (1978, 1981,
1984), MAU per skeletal portion values are typically normed to what are called percent
survivorship values by dividing all MAU values by the greatest MAU value in the
assemblage in order to remove the effects of sample size when comparing different sized
assemblages. Because MAU values are simply normed specimen counts, they may avoid
many of the problems that affect MNI (Grayson 1984).
		

The importance of comparing frequencies of skeletal portions as measured by

MAU and MNI is that the two units measure different properties of a bone collection.
Clearly, MAU more accurately measures the relative frequencies of skeletal parts than
MNI, especially when differences between frequencies of left and right elements are great
(e.g., two left humeri represent an MAU of 1 but an MNI of 2). When one is interested
in determining if frequencies of skeletal parts are the result of differential transport or
differential destruction, the number of individual animals is irrelevant; whether more
humeri or more tibiae are represented is paramount. And, because not all bones of
the skeleton are paired, the frequencies of skeletal parts must be weighted in order to
assess accurately which skeletal parts are abundant and which are rare, compared to
their relative abundances within a complete skeleton. In addition to examining these
derivatives themselves, MAU or percent survivorship for each element portion can be
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plotted against the modified general utility index and compared to those associated with
various economic strategies (e.g., Grayson 1989; Lyman 1992; Metcalfe and Jones 1988).

Economic utility of skeletal parts
In striving to address the decision-making behavior of hunter-gatherers, some
scholars have created indices to rank animal body parts according to their utility (e.g.,
Binford 1978; Jones and Metcalfe 1988; Lyman et al. 1992; Metcalfe and Jones 1988).
Utility may guide decisions made by a hunter about which portions of a carcass to
transport from a kill site and which to leave behind. The definition of utility varies
considerably because a carcass may have a number of uses in addition to food; however,
utility usually refers to food value, often specifically meat and fat (Lyman 1994). Utility
indices also are used to distinguish between assemblages that represent scavenging
behavior and those which may be the result of human use of carcasses (e.g., Brain 1981).
		

Much of the discussion of the economic utility of animal parts is based upon the

assumption that meat, fat, and marrow are the critical components in transport decisions.
Ethnographic observations suggest decisions about what to transport and how far, as
well as how to butcher and redistribute carcasses, are actually made on the basis of many
variables, some of which are not directly related to food value (e.g., O’Connell et al.
1990; O’Connell and Marshall 1989). Many of the assumptions about economic value
reflect the analyst’s own biases about the value of elements and their associated meat.
While meat and fat were, and are, important, humans transport animal products over
very great distances for many other reasons. Utility indices are not the answer to these
questions but merely a step toward it.
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Modified general utility index (MGUI)
Binford’s (1978) most popular index is the modified general utility index (MGUI),
which is based on several subsidiary indices incorporating components of utility, namely
meat, marrow and bone grease utility, and general utility. Binford altered the values of
his compound, general utility index (GUI) to create an MGUI that reflected the fact that
animals are not always butchered into the discrete skeletal parts for which the GUI values
had been measured. The difference between the MGUI and GUI reflected his concern
about “riders”—elements with little utility themselves but firmly attached to elements
with higher values. He argued that it was necessary to extrapolate from the GUI to the
MGUI because low-ranked riders may be transported from the kill site while attached to
high-utility elements and reasoned that a skeletal part with a low GUI and attached to a
skeletal part with a high GUI should take on a utility value equivalent to the average of
the two values (see Binford 1978; Metcalfe and Jones 1988; Jones and Metcalfe 1988).
Usually such MGUI values are normed to a scale of 0 to 100 by dividing all derived
values by the greatest derived value and are typically referred to as %MGUI (Lyman
1994).
		

Binford (1978) also modeled how variation in the human transport and utilization

of carcass parts would be reflected by attendant variation in skeletal part frequencies
and in the %MGUI value for individual skeletal parts. This modeling took the form
of a family of curves, each representing a scatterplot of points derived by plotting the
utility of a particular skeletal part (%MGUI) against a measurement of the frequency of
that skeletal part in an assemblage (%MAU). Each curve, in turn, is representative of
a specific strategy for utilizing and/or transporting animal carcass parts—reverse bulk,
gourmet, bulk, unbiased, and reverse gourmet. The analytic technique is simply
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performed, and produces what appear to be readily interpretable results within the logic
of Binford’s model of utility and transport curves (Lyman 1994).

Food utility index (FUI)
A decade after Binford’s work, Metcalfe and Jones (1988) proposed a food
utility index (FUI) to replace Binford’s MGUI and derived from the meat utility index
(MUI), or the gross weight of a part minus the dry bone weight of that part (Metcalfe
and Jones 1988). Like Binford, they modified the MUI to account for riders, producing
a numerical FUI for each element. FUI values are often normed or rescaled, creating
new (S)FUI values. Also, because of the justifiable concern about using an index based
on a single individual, Purdue et al. (1989) recommended grouping elements into three
categories based on their respective food utility index number—those with a low FUI (<
1000), those with a medium FUI (1000-3000), and those with a high FUI (< 3000). As is
commonly the procedure in zooarchaeological analyses, I plot utility index values—FUI
and (S)FUI in this case—against various other calculated indices, counts, or values to
address mobility and subsistence choices at NCS.

Estimates of dietary contribution
		

Zooarchaeologists have frequently calculated the weight of meat represented per

taxon in a faunal assemblage in order to assess the relative importance of specific animals
in human subsistence. The motive behind this method is simple: mice and bison may be
equally frequent within an assemblage, yet they are obviously not equally important in
their subsistence contributions. However, just as NISP and MNI should not be confused
with the actual number of animals used at or near a site, estimates of meat weight and
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dietary contributions among animals identified in the collection should not be confused
with the total amount of meat consumed (Reitz and Wing 1999).
		

Estimates of dietary contribution generally refer to the amount of edible or usable

meat an animal might contribute. Usually bone, hide, and visceral weights are subtracted
from total live weight to obtain the usable meat weight (e.g. White 1953). “Edible” and
“usable” are culturally defined classifications and there is considerable variation in which
tissues are considered edible (see Reitz and Wing 1999). Following White (1953) and
others, usable meat weight in this thesis refers to the total weight of the animal minus
skin, viscera, and bone—essentially skeletal muscle and associated fat.
		

Several methods are in use to calculate the weight of meat per taxon represented

by the bones in a faunal assemblage, and techniques that estimate dietary contributions
are widely applied and evaluated (e.g., Grayson 1973, 1979; Lyman 1979). These
approaches are primarily divided into three broad groups—those derived from
whole animals (i.e., MNI values), from bone specimen weights, and from allometric
relationships between bone measurements and weights of the individuals (Grayson 1984).

Estimates of dietary contribution derived from MNI
		

In the most common approach of estimating dietary contribution—and the one

that will be used in this project—the MNI value for a given taxon is multiplied by the
average weight of a modern individual of that taxon, and the resultant figures are used
in further analyses (e.g., White 1953; Lyman 1979). This approach, often identified with
White (1953), is based on known relationships between average total, skeletal, visceral,
skin, and meat weights of specific taxa. In reality, there exists a great deal of intra-species
variation, sexual dimorphism, or even change in individual body weight during the year.
However, the estimated meat weight should not be taken literally, but put in the context
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of similar estimates of other species in the collection. In most cases, the approach can
provide at best ordinal level data on the dietary contribution of taxa in terms of meat
weights (Grayson 1979; Lyman 1982). It also should be evident that meat weights so
derived will suffer form the same problems that affect the MNI values on which they are
based.

Biases
Density-mediated attrition
		

Probably the most important difficulty with utilizing body part frequencies is

that specimens in many samples appear to be those most likely to survive a wide range
of site formation processes (Grayson 1989; Lyman 1984, 1985, 1992). Given an interest
in explaining skeletal part frequencies by reference to transport or utility indices, one
must be sure that those frequencies are indeed a reflection of economic decisions and not
some other factor, such as differential preservation. The probability that a skeletal part
will survive the rigors of various taphonomic processes is at least partially a function
of that part’s structural density (Lyman 1994), and Grayson (1989) posits that many
derived utility curves could be the result of such density-biased relationships. When
density is plotted against NISP, elements with low density are often, though not always,
underrepresented in a collection. Further, many specimens with high food utility have
relatively low density and may be underrepresented for this reason; however, some
elements with high density are also rare.
		

Structural density values can serve much like the utility indices described above—

as a frame of reference for assessing the frequencies of skeletal parts in an assemblage
of bones—and the analytical procedure for using the bone structural density values is
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similar to that used with utility indices. The percent survivorship values can be plotted
against the density values and a correlation coefficient can be calculated. A positive and
significant correlation coefficient between the two variables suggests a strong relation.
A reasonable conclusion would be that some taphonomic process that is mediated by
the structural density of the skeletal parts had a major influence on the frequencies of
skeletal parts (Lyman 1994). Such processes could include carnivore attrition, human
consumption, differential fragmentation, post-depositional destruction, etc.
		

Grayson (1988) suggests that when density-mediated destruction is the

responsible process and differential transport was not, the statistical relation between
percent survivorship and bone density will be positive and significant while the statistical
relation between percent survivorship and bone utility will be insignificant. Conversely,
differential transport could be inferred if survival and utility are significantly and
positively correlated but survival and structural density are insignificantly correlated.
However, other combinations of statistical correlations will be more difficult to interpret
(see Lyman 1991, 1994 for an attempt).

Carnivore disturbance
		

Stiner (1991) summarizes a set of attributes that can be used to determine if the

dominant biological cause of a bone assemblage was non-human carnivore. She suggests
that a carnivore assemblage will possess an over-abundance of cranial elements, older
prey, gnawed bones, and coprolites. Lyman (1994) also states that, along with obvious
gnawing, low long bone end-to-shaft ratios and a positive correlation of frequencies of
long bone ends with bone structural density will signify an assemblage highly disturbed
or produced by carnivores (Lyman 1994). A high percentage of bones exhibiting cultural
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modification—butchering, burning, etc.—would also rule out a carnivore-generated
assemblage.

Other expected biases
		

Bioturbation of sediments, especially that from burrowing animals, can disrupt,

mask, or even destroy the provenience and context of recovered artifacts. Small
burrowing animals can also die within their burrows and distort the sample counts.
Weathering, the decomposition and destruction of bone by chemical and/or physical
agents, can create assemblages of many small and unidentifiable fragments or, at the very
least, obliterate diagnostic features or evidence of human activity. Out-dated excavation
and collection techniques or those dissimilar from season to season will skew the data set
toward large and easily identifiable specimens or toward the sampling of faunal remains
conducive to addressing the specific project objectives. Finally, small sample size,
regardless of the data set, will always pose problems across the board.
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3

results of the faunal analysis

This chapter presents the primary data derived from the faunal analysis, provides
counts for each represented species, and describes general taphonomic modifications
from each cultural unit. Also provided is a brief description of the preferred habitat and
behavioral characteristics of each represented species, as these data are important in
subsequent discussions of subsistence, seasonality, and paleoenvironments. Comparisons
of the relative species proportions provide some insight into species preferences and the
relative contribution of different types of game to the overall diet. Finally, the taphonomic
features apparent on the bones are used for addressing issues of preservation as well as
outlining evidence for subsistence-related species.

Taxonomy
The combined assemblage sampled from both the Paleoarchaic and Early Archaic
units (~10,000-7500 BP) and all seasons of excavation consists of 30,996 bones (24,791
g total), 5818 (18.8 percent) of which were identified to a taxonomic level. The sample
contains many typical upland game species as well as a variety of rodents, birds, and
carnivores. Nearly the whole of the unidentifiable assemblage is comprised of mammal
remains (99.9 percent), with a combination of birds and fish making up the final 0.1
percent (Table 3.1). Artiodactyls dominate the identifiable assemblage (80.6 percent of
the total NISP), followed by leporids and rodents (10.2 and 7.3 percent, respectively)
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Table 3.1. Number of unidentified specimens (NUSP)

(Table 3.2). Other identified mammalian species—carnivores and bats—make up only
a small portion of the remaining assemblage (0.3 percent combined). Identifiable birds,
including raptors, wildfowl, waterfowl, and perching birds, are represented at only 0.6
percent, while reptiles, amphibians, and fish are even rarer (0.3 percent combined) (Table
3.3).

Mammalia
NCS contains an abundance of mammal bone, including specimens identified to five
different orders: artiodactyla, carnivora, chiroptera, lagomorpha, and rodentia (Figure
3.1).

Order Artiodactyla
The NCS assemblage contains four different modern artiodactyl species: two
definite—Odocoileus hemionus (mule deer) and Ovis canadensis (bighorn sheep)—and
two possible—Antilocapra americana (pronghorn) and Cervus elaphus (elk) (Figure 3.2).
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Table 3.2. NISP and MNI counts for mammalian taxa.
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Table 3.3. NISP and MNI counts for non-mammalian taxa.

Figure 3.1. Relative proportions of identified mammalian orders (%MNI).
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Figure 3.2. Relative proportions of artiodactyls (%MNI).

The remains of artiodactyl species are the most abundant in the assemblage, accounting
for about 85.6 percent of the total NISP, indicating a heavy reliance on large game
throughout both the Paleoarchaic and Early Archaic periods. Large numbers of small
artiodactyl bones (2751 specimens) were recovered from every stratum of NCS and
spanning every skeletal area. More than likely, the great majority of these bones belong
to mule deer due to the predominance of the species within the identifiable assemblage.
Many are burned (626 bones) while some exhibit cut marks (72 fragments), and quite a
few are subadult (155 specimens) or large and possibly male (52 bones). Also, a large
phalanx fragment from Surface IIe and a portion of either a tarsal or carpal from Stratum
IIIf were seemingly too large to fit a mule deer and could possibly be from an elk. These
large specimens may also be representative of an extinct species of deer, which will be
discussed below.
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Family Antilocapridae
Antilocapra americana
Three possible pronghorn specimens were recovered from Stratum Vr. Modern
pronghorn are the only extant members of their family, which once comprised a dozen
species during the Pleistocene (Anderson 1984). Pronghorn prefer open expanses of
sagebrush and grassland, and the Escalante Valley could very well have provided such
habitat at any time in the past.

Family Bovidae
Ovis canadensis
Bighorn sheep are known to have inhabited the Colorado Plateau throughout
prehistory; however, they are not present at NCS until Stratum IVa and, then, not found
in abundance until the Early Archaic period. There appears to be a significant jump
from five bones (1.6 percent of the Paleoarchaic MNI) found in the later Paleoarchaic
levels to 72 specimens (13.7 percent of the Early Archaic MNI) in the Early Archaic
component that accompanies a general decrease in deer (Figure 3.3). This temporal
discrepancy could be due to a reduction in the number of mule deer—the favored game
species—as a result of a combination of environmental change and human predation.
Bighorn are specifically adapted to life on steep rocky slopes and rugged mountainous
areas and would have been more suited to the canyonland regions farther to the east
and south rather than the immediate vicinity of the site. These cursory observations and
interpretations will be discussed further in the next chapter.
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Figure 3.3. Relative proportions of mule deer and bighorn sheep (%MNI) (χ2 = 8.58, α < 0.01, df = 1).

Family Cervidae
Thirty-two specimens of deer antler were found from every level at NCS, half of
which were burned to some degree—ten calcined. Though difficult to differentiate from
elk antler when fragmented, it is probable that these fragments, too, are from mule deer.

Cervus elaphus
One possible burned elk phalanx was identified from Stratum Vi. Today, the
majority of elk herds are found along the Rocky Mountain corridor, grazing in upland
meadows and forests. However, early Euroamerican explorers reported large herds
throughout most regions of North America up to the westward expansion of the United
States (see Seton 1927 for an overview of these accounts).
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Odocoileus hemionus
Mule deer is the dominant taxon in the NCS assemblage, and seemingly the large
game species of choice. The total NISP count of deer bones from NCS is 1513 (29.6
percent of the total NISP), with a MNI of 107 individuals. All major strata produced
remains, although deer are slightly more abundant in the Paleoarchaic component (54.7
percent of the total deer sample) than the Early Archaic (see Figure 3.3). Seventeen
percent of the deer bones were burned to some degree—the majority calcined—and 7.5
percent exhibit butcher marks of some kind.
No evidence exists for the presence of white-tailed deer (Odocoileus virginianus)
on the Colorado Plateau during the Late Pleistocene or Early Holocene (FAUNMAP
1994), and the two deer species naturally separate ecologically—white-tailed deer staying
closer to the lower valleys and bottomlands and mule deer preferring upland places.
However, there is a possibility that many of the large Paleoarchaic deer remains identified
as male mule deer could represent the extinct species Navahoceros fricki, the American
mountain deer, a large cervid known to the region during the Late Pleistocene (Blackford
1995; Hockett and Dillingham 2004). While the large identified deer elements were
indistinguishable from mule deer, many of the specimens—even those of yearlings—
were significantly larger than the modern adult comparative specimens. Until these bones
can be compared against those of the Pleistocene deer, they will remain classified as mule
deer.

Order Carnivora
Carnivore remains are relatively rare in the NCS assemblage, consisting of only
eight specimens, a trace percentage of the total NISP, although many of the unidentified
medium mammal bones could very well be from carnivores.
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Family Canidae
Canis sp.
Four bones are from unidentified canids. Three of the remains could be from
either coyote or domestic dog; however, the earliest specimen—a canine tooth from
Surface IIg—could represent either a large domestic dog or a wolf. Unidentified canid
bones consist of teeth and foot elements, which could also be evidence of the use of these
animals for pelts or hides.

Family Felidae
One rib from a possible medium-sized felid (smaller than mountain lion) was
recovered from Surface IIIe. Bobcats (Lynx rufus) are found throughout North America,
while lynx (L. canadensis) inhabit colder climes. Today, their territories are nearly
mutually exclusive with some overlap occurring along the Rocky Mountains and high
plateaus of Utah (FAUNMAP 1994; Patterson et al. 2003).

Family Mustelidae
A tibia and first molar from the Paleoarchaic levels and an ulna from Stratum Vc
were identified to the weasel family from a species smaller than wolverine or badger. All
such mustelids prefer wooded and/or aquatic habitats (Vaughan et al. 2000; Patterson et
al. 2003).

Order Chiroptera
Family Vespertilionidae
Three bat bones—all wing elements—were identified within both cultural
components of the sample assemblage. While numerous bat species inhabit the Colorado
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Plateau, all either hibernate or migrate south during the winter months (Vaughan et al.
2000; Patterson et al. 2003). The caves and crevices in the surrounding cliffs offer homes
for solitary or small groups during the warmer seasons of the year.

Order Lagomorpha
Family Leporidae
Ten specimens from both components could not be identified below leporid
distinction, mainly due to their intermediate size and lack of diagnostic features.

Lepus sp.
Hares, or jackrabbits, are widely distributed throughout most habitats and
environments in the west, with species inhabiting virtually every ecosystem supporting
at least some small plant vegetation in open areas. Both black-tailed (Lepus californicus)
and white-tailed jackrabbits (L. townsendii) inhabit the Colorado Plateau, and where
they are in competition, white-tailed jackrabbits tend to move toward higher elevations
(Vaughan et al. 2000; Patterson et al. 2003). It is also possible that snowshoe hare (L.
americanus) was present at NCS during the Early Holocene, as it prefers the hardwood
and evergreen forests of western North America’s mountainous regions. In the NCS
assemblage, jackrabbit remains consist of 84 bones found in all levels except Stratum I,
with skeletal parts relatively evenly represented between long and flat bones. None of the
major long bones were found complete—three quarters exhibiting spiral breakage—one
quarter of all bones was burned, and three bones exhibited cut marks, all suggesting hares
were probably used for food, although pelts may have also been utilized.
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Sylvilagus sp.
Cottontail rabbits are the most prevalent, and seemingly the most important, of the
NCS small mammal genera, with 352 identified specimens from all levels of excavation
(see Table 3.2). Cottontails were usually taken for both their meat and fur and prefer
habitat with soft sediments conducive to burrowing and available brush, especially
sage, for hiding from predators (Vaughan et al. 2000; Patterson et al. 2003). These were
probably mountain cottontail (Sylvilagus nuttallii)—generally found in upland areas—
rather than desert cottontail (S. audobonii), but differentiating between the two species is
difficult at best even with complete specimens. Although no evidence for butchering was
found on the bones, 55 were burned—spanning all stages. Of the 103 specimens of major
long bones (humerus, radius, femur, and tibia), none were found complete, and nearly 80
percent exhibited spiral or oblique breaks, suggesting human marrow extraction. Only
one pelvis fragment from Stratum IVr displayed carnivore damage. Also, there appears to
have been a greater reliance on cottontail, as compared to jackrabbit, in the Paleoarchaic
period than in the Early Archaic (86.6 and 76.7 percent of leporids, respectively) (Figure
3.4). Like the deer/bighorn relation, this may reflect decreased jackrabbit populations
and/or habitat through time. However, the change MNI proportions between the two
genera over time appears minimal.

Order Rodentia
The NCS assemblage contains 254 rodent bones, representing at least ten different
species, ranging from beavers and porcupines to mice and voles (Figure 3.5).
Unidentified rodent bones consist of 20 specimens, most of which were classified to a
particular element but were too fragmentary to identify to a lower taxonomic level. Most
(79.1 percent) of the specimens are from the Paleoarchaic levels, with Stratum IV
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Figure 3.4. Relative proportions of cottontail and jackrabbits (%NISP) (χ2 = 6.70, α < 0.01, df = 1).

Figure 3.5. Relative proportions of identified rodents (%NISP).
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yielding the greatest amount (135 bones—13.9 percent of the total number of specimens
for that level). Neotoma sp. (woodrats) is the only genus represented in all levels, with
ground and rock squirrels (Spermophilus sp.) present in all but Stratum I. An assortment
of both cranial and postcranial elements from these species suggests many small rodents
possibly died within their own burrows, although other non-human agents such as raptors
and small carnivores may have also introduced rodent bones into occupation deposits.
Most bones (62.6 percent) are fragmented—many long bones exhibiting spiral or oblique
fractures—and nine are burnt, perhaps suggesting cultural use of some species.

Family Castoridae
Castor canadensis
Six beaver bones were found in two Paleoarchaic strata—Surface IIa and Stratum
IVa—representing at least two large subadults. Although the presence of this large aquatic
rodent would not be anomalous to the region given the number of permanent, slowmoving streams nearby, the beaver’s preferred food source of tall trees, such as willow,
maple, poplar, and aspen, are not presently available around NCS and suggest a lowering
of the vegetative zones corresponding to a cooler and moister climatic regime. Beavers
would have been beneficial to humans for their meat, pelts, and promotion of biodiversity
through habitat control (Vaughan et al. 2000).

Family Cricetidae
New World rats and mice are prevalent throughout both the Paleoarchaic and
Early Archaic periods. Sixty-three specimens from both axial and appendicular regions
could not be identified below the family Cricetidae; all but one were Paleoarchaic in
age. Eighteen of the specimens labeled as small cricetid were identified as mouse bones,
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although many more could probably represent mice; all but two were found within
Stratum IV. Multiple species of mice occur on the Colorado Plateau, some of which are
human commensals. In many sites, these species are used as an indicative measure of
sedentism and commensalism. Discriminating between species relies on comparisons
between head and body length measurements as well as other skull and mandibular
dimensions, all of which were not possible with the NCS specimens.

Microtus sp.
Voles are fairly small rodents that have a wide distribution throughout the west.
In the NCS assemblage, voles are represented by eight bones, including both cranial and
postcranial elements, found in all levels except Stratum II.

		

Neotoma sp.
Woodrats are the most represented rodent in the NCS assemblage, and packrat

nests and middens are ubiquitous throughout the immediate area and surrounding region,
including the shelter itself. Woodrats could very well have been used as a food source,
and three bones within the assemblage were burned.

Family Erethizontidae
Erethizon dorsatum
		

North American porcupine specimens were present in the assemblage at various

levels between Stratum IIIa and Vt—in both Paleoarchaic and Early Archaic periods.
Porcupine teeth were also observed in later mixed Archaic samples. The twelve identified
bones comprise both long and flat bones with both adult and subadult individuals
present. Porcupines on the Colorado Plateau prefer sufficient ground cover and tall
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coniferous (especially ponderosa pine) and mixed forest areas not currently found near
NCS, again suggesting a different vegetative community and environment now seen at
higher elevations. However, Great Basin individuals are known to inhabit piñon-juniper
forests (Roze 1989; Patterson et al. 2003). Porcupines were regarded by Native American
cultures throughout the continent as a food source and a source of quills for tools and
decoration (Roze 1989).

Family Sciuridae
		

Thirteen bones (mostly mandibles) could only be identified to the squirrel family,

primarily due to lack of comparative samples. Eleven of these were probably chipmunks
(Tamias sp.) or possibly small ground squirrels (Spermophilus sp.). Larger sciurids were
known food sources for ancient Native Americans (Vaughan et al. 2000).

		

Marmota flaviventris

		

Yellow-bellied marmots were identified from both Paleoarchaic and Early Archaic

levels and surfaces. At least one adult and one subadult could be identified from the two
cranial and three metapodial fragments. Marmots generally prefer alpine meadows near
forested areas at higher elevations than NCS—further evidence of a moister and cooler
paleoenvironment.

		

Spermophilus sp.
Ten ground squirrel bones—smaller those of rock squirrel (Spermophilus

variegatus)—were identified within both components, comprising various long bones and
cranial elements.
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Spermophilus variegatus
Rock squirrels, the largest of the ground squirrels, are common to the region today
and seem to have been similarly common in the distant past as well. Seventeen specimens
were recovered from both time periods, covering all portions of the body.

		

Tamias sp.
One possible chipmunk femur was found in Stratum Vs.

Unidentified Mammals
		

The majority of the NCS faunal assemblage is mammal bone too fragmentary

to identify to any taxonomic level. Unidentified mammal bone is abundant in all levels,
indicating a high degree of fragmentation across the entire site. Many of these bones,
however, could be categorized according to size class: large, large/medium, medium,
medium/small, and small. Others too broken to assign to a size class are grouped as
unidentified mammal remains (see Chapter 2 for descriptions of various mammal size
classes). Most of the remains grouped within all size categories are pieces of unidentified
elements (52.2 percent) or unknown long bone shaft fragments (34.9 percent). Threequarters of the unclassified mammal bones are from unidentified elements. Bones from
large/medium-sized mammals are most abundant (33.2 percent of unidentifiable remains),
followed by fragmented remains from large mammals (8.5 percent). Small mammal
remains represent 2.8 percent of the sample, while medium and small/medium mammal
bones are extremely rare.
		

Most specimens within the NCS assemblage are fairly small, with an average

weight of only 0.8 g per fragment. When comparing the total weight of unknown remains
from the various size classes, however, large and large/medium mammals comprise
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Figure 3.6. Relative proportions of unidentified mammals by weight (g).

a significant proportion of unidentified mammal remains by weight (81.1 percent
combined) (Figure 3.6). Mammal specimens unidentifiable to size account for 18 percent
of the fragments by weight, while all other size classes comprise only a small proportion
of the total weight (one percent combined). Most, if not all, large and large/medium
mammal remains are probably from artiodactyls, the most common of the various
identified species. The high proportion of these larger remains reinforces the importance
of these mammal species in the diet.
Comparisons between the unidentified mammal remains from each temporal
component reveal only a few slight differences between occupations (Figure 3.7).
Unidentified mammals account for the largest proportion of mammal remains for both
time periods, followed by large/medium and large mammal remains. The percentage of
small mammals is somewhat higher in the Paleoarchaic assemblage (5.4 percent total
NUSP) compared to the Early Archaic level (2.5 percent total NUSP). Medium and
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Figure 3.7. Relative proportions of unidentified mammals (%NUSP).

small/medium mammals comprise only a small proportion of the remains from both time
periods.

Aves
		

Though the NCS assemblage contains relatively few bird bones, the identifiable

majority display quite a bit of diversity (see Table 3.3), and the unidentifiable specimens
range from large to very small (see Table 3.1). Most species of birds occupy relatively
delimited habitats and may provide insight into local environmental conditions. Bird
bones are also relatively reliable seasonal indicators, as many species follow regular
migration patterns and cycles of availability. On the Colorado Plateau, several species
pass through during seasonal migrations, some are seasonal inhabitants of the Plateau,
and others are year-round residents. Wildfowl, particularly dusky grouse (Dendragapus
obscurus), are the most common in the NCS assemblage, comprising nearly three-fourths
of the identified birds, although a few waterfowl, raptors, and small perching birds are
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Figure 3.8. Relative proportions of identified birds (%NISP).

present (Figure 3.8). The great majority (90.0 percent) of the bird bones were found
within Paleoarchaic levels.
		

While bird remains are fairly uncommon in the assemblage, they probably

contributed somewhat to the overall diet. Element representations among show a clear
preference for breast and wing bones, or those attached to the pectoral girdle (81.5
percent of wild and waterfowl bones). These parts contain the largest portions of lean
meat, suggesting these birds were probably exploited primarily as a food resource.

Order Anseriformes
Family Anatidae
		

Aythya sp.
Matching pairs of right and left coracoids and scapulae from an unidentifiable

species of diving duck along with two medium-sized duck tibiotarsi were recovered from
Stratum IIIf. Morphology and size are similar to that of redhead (Aythya americana) or
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canvasback (A. valisineria), both of which winter on the Colorado Plateau and require
relatively deep and stable lakes, marshes, or river ponds currently non-existent in the
Escalante Valley but possible during the Early Holocene (Woodin and Michot 2002;
Mowbray 2002).

Order Falconiformes
Family Falconidae
		

A single carpometacarpus from a small falcon was recovered from Stratum IVa.

Native small falcons include the American kestrel (Falco sparverius) and merlin (F.
columbarius). The sandstone cliffs, rocky outcrops, and tall pines immediate to the site
area provide perfect roosting and nesting locations for raptors. Small prey in the form
of small mammals, birds, and reptiles also abounds in the local valley bottoms, river
canyons, and upland flats. Today, high-latitude merlin populations migrate along the
Rocky Mountains at the beginning and end of the cold months (Warkentin et al. 2005);
however, kestrels are known to reside year-round on the Colorado Plateau (Smallwood
and Bird 2002).

Order Galliformes
Family Phasianidae
		

Dendragapus obscurus

		

Wildfowl, which include many species commonly used for food, are the most

abundant group of birds in the NCS assemblage. Nineteen dusky grouse—formerly, blue
grouse (see Banks et al. 2006; Barrowclaw et al. 2004)—specimens were identified, with
all but one representing elements of the wing or shoulder girdle region. Also, all but one
were recovered from Paleoarchaic levels. Dusky grouse are found in mountainous regions
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of Western North America, preferring open stands of conifer or aspen with a brushy
understory, and follow short-distance migration patterns from higher elevations in the
winter (Zwickel and Bendell 2005).

Meleagris gallopavo
Four turkey bones were identified at NCS—a sternum, matching right and left
coracoids, and a probable rib. While turkey are known throughout the region—residing
throughout pine-oak woodlands and open stands of ponderosa pine grading into the
piñon-juniper zone and also roosting in cottonwood, hackberry, and elm trees (Eaton
1992)—it is currently assumed that they were introduced from the south as part of a
cumulative suite of Mesoamerican cultural traits, along with maize agriculture, ceramic
vessels, etc. (e.g., Munro 1994). If the NCS specimens are part of a modern M. gallopavo
individual, they would be the earliest known examples of the species on the Colorado
Plateau and the farthest north and west within the prehistoric record. However, the
possibility that these specimens represent a holdover of M. crassipes—a small turkey
native to the American Southwest that fell prey to the Pleistocene mass extinctions (Rea
1980; Steadman 1980; Bochenski and Campbell 2006)—cannot, as of yet, be ruled out.
Morphologically, the coracoids and sternum are indistinguishable from modern female
M. gallopavo, but until they can be compared against a large M. crassipes male, their
taxonomic identification will remain questionable.

Order Passeriformes
		

The sample produced only one bone from a small passeriform (perching bird)—a

complete sparrow-sized carpometacarpus from Stratum Vs.
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Unidentified Birds
		

Unidentified bird bones consist of 20 specimens. Of these, fourteen were

identified to element, but none were able to be separated out beyond size classes—large,
medium, small, and unidentified. Passeriforms would be typical of small birds; medium
birds would comprise water and wildfowl and small birds of prey; and turkey or large
raptors would be representative of large birds. Medium birds were the most prevalent (11
specimens), followed by small birds (7 specimens).

Reptilia
Order Squamata
Family Colubridae
One colubrid (non-venomous snake) vertebra was found in Stratum IIf.

Family Crotaphytidae
Crotaphytus collaris
A partial right mandible of a probable collared lizard came from Stratum IIIa.

Amphibia
Order Anura
Family Bufonidae
Bufo sp.
		

Amphibians noted in the assemblage include twelve specimens, more than likely

from a single unidentified toad recovered from Stratum IIIa.

76

Pisces
Order Cypriniformes
Family Cyprinidae
Gila sp.
The only fish element identifiable to any classification level was a partial
pharyngeal arch from a western chub (Gila sp.) associated with Surface IIIe, several
species of which inhabit the Colorado River system (Sigler and Sigler 1996; Patterson et
al. 2003). Ethnographically, fishing was preferred during the spawning season—spring
and summer for chubs—due to the increase of fish in shallower waters and smaller
streams, making capture relatively easy with weirs, nets, and simpler tools.

Unidentified Fish
		

Four unidentifiable fish bones were found within the sample. Three body

vertebrae—one calcined—also came from the hearth area of Surface IIIe, the fourth from
Surface Va.

Taphonomy
A detailed analysis and discussion of the various taphonomic features apparent on
bones in the NCS assemblage is crucial for understanding preservation conditions as
well as for outlining evidences of cultural modification. Many of the cultural and natural
agents responsible for the accumulation and condition of the NCS remains could be
reconstructed through observing and recording various bone surface modifications. Based
on previous observations and experiments on animal bone, many of theses modifications
can be attributed to certain cultural actions and natural destructive agents. Taphonomic
features apparent on some of the NCS bones appear to be the result of preservation
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conditions, exposure to heat, skinning and butchery practices, carnivore and rodent
disturbances, and a variety of other possible cultural and natural processes.

Burning
Over forty-one percent of the NCS bone assemblage shows signs of burning (27.2
percent calcined). Most of these burned bones appear to have been exposed to high
temperatures for long periods of time—probably purposefully placed in the fire for
disposal. Many are carbonized or completely oxidized and others exhibit differential
levels of burning on multiple surfaces. About twenty-eight percent of the identifiable
Early Archaic specimens are burned, while only 11.6 percent of the Paleoarchaic NISP is
burned (Figure 3.9). Relative to the primary food sources, more of the artiodactyl bones
were burned in the Early Archaic assemblage than in the Paleoarchaic (28.7 to 12.2
percent, respectively), the same with leporid bones (23.1 to 15.4 percent, respectively),
which may indicate some difference in processing procedures and length of stay per
occupation. Burning as a cultural taphonomic process may also indicate food species
(Lyman 1994). At NCS, these would include mammals, birds, and fish of all sizes—
specifically, mule deer and bighorn sheep, hares and cottontails, rodents (yellow-bellied
marmots, woodrats, rock squirrels, and mice), and dusky grouse.

Butchery
Very few bones exhibit evidence of butchery, probably due to the high degree
of fragmentation of bones from both components and the inability to see surface
modifications on heavily weathered bones. A total of 313 bones (1.0 percent) appear to
have cut or scrape marks probably made during skinning, disarticulating, or removing
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Figure 3.9. Relative proportions of burned specimens (%NISP) (χ2 = 209.01, α < 0.001, df = 1).

Table 3.4. Number of cut specimens.

meat from an animal carcass. Of the identifiable specimens, 6.3 percent of the
Paleoarchaic bones exhibit cut marks, whereas only 1.2 percent of the Early Archaic
sample displays signs of butchering (χ2 = 93.07, α < 0.001, df = 1) (Table 3.4).

Fragmentation and breakage
Bones from all levels are highly fragmented, with only 16.5 percent of the total
assemblage identifiable to taxon. Even out of the identifiable specimens, only 6.4 percent
were complete, and much of the assemblage consists of small fragments of long bones or
other unidentifiable pieces. The high degree of fragmentation at NCS may be the result of
intensive processing and consumption activities, but is more likely due to a combination
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Table 3.5. Weight per fragment (g).

Table 3.6. Weight per fragment of identified specimens (g).

of both natural and cultural processes. Paleoarchaic specimens weigh in at 2.1 g
per fragment, while Early Archaic bones average 0.6 g per fragment (Table 3.5).
Fragmentation of identifiable specimens appears to be less due to weathering and other
natural destructive causes and more attributable to cultural activities, such as butchering,
processing, and burning, which have left more diagnostic features in tact. Identifiable
Early Archaic specimens average 2.2 g per fragment, whereas the Paleoarchaic sample
comes out to 3.8 g per fragment, possibly implying more intense processing of the bones
during the later period (Table 3.6).
Nearly eighty percent of NCS long bone fragments exhibit spiral or oblique
fracture patterns, which are often more likely to be a cultural by-product than transverse,
stepped, or splintered breaks (Figure 3.10). Of the artiodactyl and unidentifiable large
mammal bones, 110 show evidence of impact cones or fractures, most likely produced
during processing for marrow (Binford 1981). However, the great majority of those (82.7
percent) were recovered from the Paleoarchaic strata, possibly implying a change in
butchery methods and/or intensity of bone processing through time.
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Figure 3.10. Breakage patterns of artiodactyl long bones (χ2 = 51.56, α < 0.001, df = 1).

Table 3.7. Number of gnawed specimens.

Table 3.8. Number of weathered specimens.

Other taphonomic features		
A few instances rodent and carnivore gnawing (26 and 3 specimens, respectively)
were noted, the Paleoarchaic sample containing more than twice as many gnawed bones
as the Early Archaic (χ2 = 7.15, α < 0.01, df = 1) (Table 3.7). Several of the bones also
showed signs of weathering (7.2 percent), again with the Paleoarchaic component
containing a higher ratio of weathered bones (χ2 = 195.81, α < 0.001, df = 1) (Table 3.8).
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Resolution of Biases
Density-mediated attrition
Differential preservation conditions may have affected the relative frequencies of
particular skeletal parts within and between cultural components. According to Lyman
(1994), the survivability of particular elements is strongly correlated with structural
density. Density-mediated attrition is probably responsible for a higher proportion
of dense bones such as distal ends of long bones, foot bones (carpals, tarsals, and
phalanges), mandibles, and teeth. To determine whether the NCS remains were affected
by density-mediated attrition, percent survivability of artiodactyl remains was compared
against bone densities provided by Lyman (1982, 1984, 1994). Using this method,
the survivorship of artiodactyl remains does not appear to be strongly correlated with
bone density for either the Paleoarchaic or Early Archaic periods (r2 = 0.029 and 0.073,
respectively), and upon further review, any possible correlation seems to be driven
by the high survivability and identifiability of mandible and hindquarter long bone
shaft fragments (Figure 3.11). The relationship is similar to that determined by Lyman
(1994) for a perfectly preserved carcass (r = -0.06, p = 0.56), but it would be naïve to
suggest structural density plays no role in bone preservation. However, it appears that
density-mediated attrition acted minimally on the survivability of bones within the NCS
assemblage and would not account for any differences in relative frequency of skeletal
portions between the components.

Carnivore disturbance
As noted above, only three specimens from Stratum IV exhibited probable
carnivore damage. However, portions of twenty-four large carnivore coprolites (e.g.,
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Figure 3.11. Comparison of density and survivorship of artiodactyl element portions. The regression line
for the Paleoarchaic data is solid (r2 = 0.029), that for the Early Archaic data is dashed (r2 = 0.073).

probable mountain lion or large canid) were recovered during excavation (all but two
from Paleoarchaic levels), many containing bits of bone. Most were preserved for
later examination and analysis, but four containing identifiable bone fragments were
destroyed and the bones analyzed. All analyzed coprolites were from the Paleoarchaic
component, and all but one contained bones of a distinct and separate species from the
rest. Recovered were twenty long and flat bones of cottontail, woodrat, dusky grouse, and
small artiodactyl (a single long bone fragment).
Bioturbation
About 1000 bones (3.4 percent of the total) were removed from disturbed contexts
(i.e., rodent burrows) within the Early Archaic and Paleoarchaic components. Upon
encounter, all burrows were defined and excavated separately from their surrounding
sediments to prevent mixing. This small percentage of the whole does not appear to bias
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Table 3.9. Number of mineral-encrusted specimens.

the total assemblages, and the same faunal richness and diversity exists within the sample
removed from the burrows as observed in the rest of the analysis.

Weathering
With regard to weathering, bone preservation varied somewhat between components,
with bone condition decreasing somewhat with depth between the Early Archaic and
Paleoarchaic periods (6.3 and 11.8 percent weathered, respectively) (χ2 = 49.33, α <
0.001, df = 1). However, specimens recovered from Strata I and II exhibit the least
amount of weathering, and a variety of small and fragile remains were recovered in
good condition from all levels (see Table 3.8). Some bones (2.9 percent of the total)
were also covered to some degree with calcareous encrustations or mineral deposits. In
a small number of cases, even after intensive cleaning, the removed mineral coating left
these areas pock-marked and obscured diagnostic and taphonomic features. The highest
number of bones with mineral deposits on their surfaces came from Strata IIIe-f and
Vn-s, possibly inferring periods preceding increased water seepage (Table 3.9).

Collection and sampling
Both components were excavated by the same crews following set techniques and
protocol, yielding a significant amount of cultural material, including an inordinate
amount of faunal bone. Also, the assemblage compiled for this thesis was sampled and
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examined by only one analyst. The Early Archaic sample does contain ten times as many
unidentifiable bone fragments as that of the Paleoarchaic (22,902 to 2276 specimens,
respectively), but that discrepancy is primarily due to sampling bias driven by the 2008
assemblage. On the other hand, a nearly identical number of identifiable specimens was
analyzed (2555 and 2560 bones, respectively), allowing for easy comparison of the two
periods.
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4

Discussion of results

Settlement Change through Time
Addressing mobility
Faunal studies not only examine basic nutritional needs and diets but also explore
the strategies people use to procure nutrients. Resources are not used in direct proportion
to their natural abundance, nor do humans wander aimlessly about the landscape looking
hungrily for food each day. People manage where they live, when they live there, and the
tools they use to acquire, control, and process the resources based on the energy and other
nutrients these activities require. This choice is balanced against the return offered by the
resources themselves. The spatial and temporal characteristics of subsistence activities
and of the resources must be considered to manage the costs and risks of subsistence
while obtaining adequate nutrition in the form of an acceptable diet. This requires varying
the habitats exploited and methods used on the basis of familiarity with spatial and
temporal aspects of animal behavior to obtain resources when they are most abundant and
in top condition, or when they do not conflict with other resources.

Residential v. logistic mobility
People vary their residence along a continuum from highly mobile to exclusively
sedentary, often combining the extremes of mobility and sedentism in complex ways.
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The primary reason for mobility is economic—the time and energy required to search for
food, capture it, and transport it can be managed by means of settlement patterns.
Residence patterns are related to the subsistence activities that take place at
each location. Manipulating the degree of sedentism or mobility is a way to respond
to spatial and temporal periodicity in area resources. Opportunistic foraging, or use of
small animals, is energetically feasible only if the resource will be transported over a
short distance (Szuter and Bayham 1989). A planned, logistic strategy takes place over a
greater distance and usually involves larger yields. Some camps are occupied repeatedly
throughout the year or even continuously, and the subsistence activities that take place
at each vary accordingly. Other camps are moved in response to seasonal patterns of
resource availability.
As noted in the introduction, it is believed that the Paleoarchaic peoples of the
Great Basin were more residentially mobile than later Archaic groups, whose increased
sedentism was inextricably tied to logistic foraging. The keys to differentiating between
residential and logistic mobility lie in a site’s function and length of occupation,
both of which can be specifically addressed with faunal data. Occupations reflecting
residential mobility will be relatively seasonal and short-term, located at or near resource
procurement areas, and possessing evidence for multiple residential activities. More
sedentary base camps will be multi-seasonal and long-term, located at some distance
from resource patches, but still displaying evidence for multiple activities and added
formal constructed features. Finally, logistic foraging camps associated with sedentary
base camps will be highly seasonal or one-time use, located at the site of procurement,
with evidence for one activity or a singular suite of activities.
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Faunal diversity
The faunal refuse at habitation sites—seasonal camps or long-term stable
occupations—usually contains high species diversity and is accompanied by a full array
of material cultural remains and activities. Kill site material culture is composed of
remains of predominantly a single species and only a few tool types. If NCS represents
a more logistical occupation during either the Paleoarchaic or Early Archaic periods,
one would expect to see a very narrow array of fauna dominated by a single species,
suggesting some specialization of diet while there.
Ecologists have constructed a number of indices to measure taxonomic diversity
that consider both the number of taxa in a sample (richness) and the distribution of
individuals across those taxa (equitability). Simpson’s index of biodiversity represents the
probability that two individuals randomly selected from a sample will belong to different
species, thus strongly related to richness. Values near 1 correspond to a highly diverse
assemblage, values near 0 to a more homogeneous one. The Shannon index, the most
widely used diversity index, is maximized by perfect equitability and ranges between
0 and a variable maximum value that is dependent on richness. For comparison against
Simpson’s index, I have rescaled the Shannon index values by calculating the maximum
value for each assemblage and then dividing the calculated values by their corresponding
maximums—again, 0 representing no diversity and 1, extreme diversity.
Upon inspection, the richness of NCS fauna is quite high—definitely much higher
than would be expected for a logistical site—with 16 mammal, four bird, two reptile,
one amphibian, and one fish genera identified within the Paleoarchaic sample, and 17
mammal and one bird genera identified to the Early Archaic period (Figure 4.1; see also
Table 3.2). When plotted against each other, a decrease in both richness (24 to 18 genera)
and equitability (E = 0.673 to 0.636) through time is evident (Figure 4.2). Although
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Figure 4.1. Relative proportions of identified orders (%MNI).

Figure 4.2. Faunal richness plotted against Shannon equitability (E). The arrow indicated passage of time.
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artiodactyls abound, especially mule deer, both diversity indices indicate moderately high
biodiversity at NCS, with the Paleoarchaic values (Shannon = 0.673; Simpson = 0.797)
slightly higher than those of the Early Archaic (Shannon = 0.636; Simpson = 0.747)
(Figure 4.3). If NCS represented a logistic hunting camp, the diversity values would be
expected to be very close to zero, and such is not the case.

Seasonality
		

Mobile hunter-gatherers cope with seasonal rhythms and fluctuating abundances

of edible resources, adjusting to periods of scarcity and plenty by storing food, moving to
more favorable locations, and choosing different sets of resources. Periodic cycles require
people to coordinate their activities with those of resources available at specific places
or times of the year. Some preferred species may be targeted only during portions of the
year, while others are acquired whenever the opportunity occurs.
Many inferences about seasonal activity at a site are based on the identification
of specific animals in a collection (see Monks 1981). The premise is that most resources
are present, abundant, or in prime condition at specific times of the year and that they are
most likely to be used during those periods rather than at other times. By inference, the
presence of such seasonal resources is interpreted as evidence for a subsistence activity
which took place when these animals were most abundant in the area. On the other hand,
the absence of a resource cannot be interpreted as evidence that the site was abandoned at
that time.
Establishing the season of site use is critical to understanding NCS site function.
If NCS were simply a logistical site, one would predict seasonality indicators to point to
heavy use at particular and singular times of the year, such as fall for hunting. Neonatal
artiodactyl bones, deer skulls with evidence of shed or articulated antlers, and bones of
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Figure 4.3. Faunal diversity index values (Shannon and Simpson) through time.

hibernating animals, migratory birds, or potamodromous fish are all useful seasonal
indicators. Also, the hunting of both large and specific types of small game was
concentrated in the late fall and early winter, when prey, antler, and pelt size were at their
peak, although such animals could be taken at any time when encountered.
		

Both temporal components of the NCS assemblage display evidence for site

use during multiple seasons. During the Paleoarchaic period, spring or early summer
occupation is evidenced by perinatal bone fragments of large mammals and chub, which
were normally exploited as they migrated to shallower streams to spawn. Bones from
mule deer fawns less than six months old (estimated from size, ossification, fusion, and
dentition) imply site use during the summer or possibly fall. Animals that migrate from
the Colorado Plateau, hibernate, or are otherwise inactive during the cold seasons are
present, such as beaver, yellow-bellied marmot, rock and ground squirrel, bat, snake,
collared lizard, and toad (Patterson et al. 2003), suggesting warm-weather occupation.
Four mule deer crania were found with articulated antler—more than likely harvested
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during the summer or fall. A mule deer mandible fragment was aged to six months by
its tooth eruption and wear, placing time of death around late fall or early winter. Cold
weather occupation is also probable during the Paleoarchaic due to the presence of dusky
grouse, which come down from the uplands during the snowy season, and diving ducks,
which winter on the Colorado Plateau (Zwickel and Bendell 2005).
		

As for the Early Archaic period, perinatal bone fragments from large- and

medium-sized mammals are also present, suggesting spring or early summer occupation.
Fragments of a small artiodactyl mandible and scapula are both very small and poorly
ossified, and their owners probably died during the summer or possibly fall. Cold-weather
hibernating and migrating animals that would have been captured or deposited during
the warm months are also present in the Early Archaic, including yellow-bellied marmot,
chipmunk, rock and ground squirrel, and bat (Patterson et al. 2003). Dusky grouse and
possibly elk were found, both of which would have moved to or past NCS during the cold
months to avoid the deep snows of the northern upland plateaus (Zwickel and Bendell
2005; Patterson et al. 2003). A final interesting piece of evidence from this period is
that all mule deer cranial fragments with antler pedicles present (a minimum of four
individuals) had shed their antlers (a shed antler base was also found), placing their time
of death in the narrow winter window between the end of the rut and beginning of spring
when males begin to regrow their antlers.
Aside from archaeofaunal evidence, formal houses and constructed features argue
for long-term and/or cold-weather use, whereas more ephemeral architecture would
suggest short-term or perhaps warm-weather, rather than year-round use. Also, internal or
external hearths, or the presence of storage pits can imply seasonality (Monks 1981). A
large midden may accumulate if the site is occupied by many people over several years;
however, logistic camps occupied briefly by only a few people would not be expected
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to have large accumulations of refuse. The earliest Paleoarchaic levels (Strata II and III)
are dominated by heavy occupational zones of middeny refuse surrounding and covering
hearths, pits, and burned use surfaces. The possible remains of an alignment of burned
postholes were also found within Stratum IIIa. The Early Archaic occupations are similar
but to an even greater extent, with thick midden layers, dozens of constructed pits and
hearths, and the remnants of a probable pit structure (Surface Vt). Taken together, the
seasonal indicators in the NCS faunal assemblage suggest redundant, multi-seasonal
occupation at the site during both the Paleoarchaic and Early Archaic through most, if not
all, times of the year.

Site activities
		

A highly fragmented and burned faunal assemblage can also imply relative

sedentism (Reitz and Wing 1999). On the other hand, a kill or processing site represents
a single activity rather than the full array of behaviors related to a home site with all
members of a family unit present. It is assumed that the longer the stay at a site, the
greater the number of activities will be performed, and the more modified (i.e., burned
and fragmented) the faunal assemblage will become.
		

As discussed in the “Taphonomy” section of Chapter 3, almost half of the NCS

bone assemblage shows signs of burning, nearly a third calcined (see Figure 3.9). These
burned bones appear to have been exposed to high temperatures for long periods of
time—probably purposefully placed in the fire for disposal or even to serve as fuel for
heating. Comparing the two occupational periods, burned bones comprise over three
times as much of the Early Archaic assemblage as the Paleoarchaic sample, possibly
suggesting a greater intensity of human-agent taphonomic processes (e.g., more homebase activities occurring over longer stays) during that period.
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Table 4.1. Number of complete specimens.

		

There are some approaches which assess fragmentation as a form of modification

relating to length of stay (see Reitz and Wing 1999). I have already addressed weight
per fragment in Chapter 3, with Early Archaic specimens averaging between one-half
(identified specimens) and one-fourth (total fragments) the weight of Paleoarchaic
fragments (see Tables 3.5-3.6). Other methods suggest comparing the frequency of
complete to fragmented skeletal elements or looking at NISP/MNE ratios to gauge the
intensity of fragmentation. Following the first method, the Paleoarchaic identifiable
assemblage is comprised of about 6.5 percent complete specimens, while less than five
percent of the Early Archaic sample is made up of the same (χ2 = 7.20, α < 0.01, df
= 1) (Table 4.1). The second approach yields quite similar NISP/MNE ratios of 2.3:1
for the Paleoarchaic and 2.1:1 for the Early Archaic. In general, it appears that more
intense processing of bones occurred during the later period, probably corresponding to
somewhat lengthier occupational periods.

Other artifact data
The faunal refuse at habitation sites—seasonal camps or long-term stable
occupations—is usually accompanied by a full array of material cultural remains and
activities. Residential debris often takes the form of a thin scatter, which accumulates
over time to form a midden, and is often concentrated in or around constructed features
or along a contour (Reitz and Wing 1999). A processing or mealtime camp occupied only
briefly will produce small trash deposits containing a limited array of animal remains,
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compared to a home base. If NCS represents a more mobile strategy during either
the Paleoarchaic or Early Archaic periods, one would expect to see less formal or no
architecture and fewer discrete features (e.g., storage). Also, if the occupants were not
planning to spend the winter at NCS, one would not expect to find storage structures.
As mentioned above, the Early Archaic and earliest Paleoarchaic occupations
are characterized by heavy occupational zones of relatively thick midden overlying
features and use surfaces oxidized red by intense heat, quite possibly from the burning of
a superstructure. The numerous storage pits and hearths, along with a possible pithouse,
suggest high, long-term investment in the site itself, much more than one would expect
for a simple logistic hunting camp. A full array of chipped stone tools and other evidence
derived from the lithic debitage implies long-term occupation during both periods (Bodily
2009). Also, the appearance and abundance of formal grinding stones in the Early Archaic
provide further evidence of NCS serving as a high-investment, multi-activity, long-term
base camp or residential site.

Site function
It seems that NCS served as a base camp of some kind during both the
Paleoarchaic and Early Archaic periods, as evidenced by its high faunal diversity, multiseasonal occupations, multiple activities, and formal constructed features. Relative
frequency of specific skeletal elements of large game can intimate whether a site
functioned as a logistic or a residential base by hinting at the relative distance between
kill, butchering, and consumption areas (e.g., Binford 1978). If hunters traveled some
distance from NCS to a logistic camp to capture deer which were then transported back
to the settlement for consumption, one might expect a disproportionate amount of highutility faunal bone to be discarded at NCS. On the other hand, NCS is surrounded by
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Figure 4.4. Percent survivorship of artiodactyl elements within the Paleoarchaic and Early Archaic
components, respectively.

prime deer habitat, and one would probably expect full body-part representation within
the sample if it served as a residentially mobile base.
Every skeletal element was identified from the artiodactyl remains analyzed,
except for sacral vertebrae within the Early Archaic component (Figure 4.4). However,
there appeared to be a slight over-representation of mandibles and hindquarter elements
in terms of percent survivorship (Figure 4.5), or the normed proportion of the number of
times an element occurs in the assemblage to the number of times it is expected to occur
in the body (see Binford 1978).
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Figure 4.5. Relative abundance of artiodactyl elements within the Paleoarchaic and Early Archaic components,
respectively.

In order to test if this over-representation is related to the dietary importance of
these elements, the economic utility indices for each element or portion of an element—
using the Food Utility Index (FUI) as developed by Metcalf and Jones (1988)—were
compared to their percent survivorship. In essence, a bias toward high-utility body
parts recovered at a site implies selective butchering and transport to NCS over long
distances, whereas an equal distribution of all body parts regardless of utility suggests
short-distance transport of the whole animal. Conversely, high abundance of low-utility
elements would be representative of NCS serving as a hunting site some distance from a
base camp.
Following Metcalf and Jones’s assertions, the skeletal elements from both the
Paleoarchaic and Early Archaic components at NCS appear equally distributed without
relation to their economic utility (r2 = 0.049 and 0.061, respectively) (Figure 4.6-4.8).
From this equal distribution of body parts, it can be assumed that large game was killed,
butchered, processed, eaten, and discarded at or very near NCS and not transported from
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Figure 4.6. (S)FUI values plotted against percent survivorship of artiodactyl element portions. The regression
line for the Paleoarchaic data is solid (r2 = 0.049), that for the Early Archaic is dashed (r2 = 0.063).

Figure 4.7. (S)FUI values plotted against percent survivorship of artiodactyl skeletal regions. The regression
line for the Paleoarchaic data is solid (r2 = 0.0001), that for the Early Archaic is dashed (r2 = 0.022).
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Figure 4.8. Percent survivorship of artiodactyl skeletal portions by FUI value category.

a logistic hunting site some distance away—the site thus serving as a residentially mobile
base camp.

Resource depression
Sedentism carries the risk of overexploiting nearby resources or altering the
environment so that local resources are impacted indirectly (e.g., Szuter and Bayham
1989). The relatively high richness and diversity of animal remains at residential sites
suggest that, in order to maintain sustainability, people generally target a wider variety
of resources, depend on smaller or lower-ranked animals, rely more upon mass-capture
techniques. To avoid or reduce the impact of exceeding the carrying capacity of a
catchment area, people may also move to areas that have not experienced exploitation
pressures, improve their capture technology, or randomize where resources are sought.
If the carrying capacity of the catchment area is exceeded, people may change their
subsistence strategy by targeting different resources, acquiring new social ties, controlling
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human population size, or developing a domesticated food source (Reitz and Wing
1999). Portions of the human population may become seasonally migratory, or a single
population may respond to exploitation pressure by combining all of these responses into
a new subsistence strategy.
In the faunal record, resource depression—and thus implied long-term
sedentism—is evidenced by the decrease of high-ranked prey through time. Mortality
profiles skewed heavily toward young individuals may also signal an overexploited
resource, as members of the population are not allowed to reach maturity before being
harvested. A general decrease in body size through time can also indicate heavily
predated populations where larger individuals are being selected against by human
preference.

Artiodactyl index
Using the artiodactyl index—a general representation of the importance of highranked game (e.g., artiodactyls) within the overall diet of high- and low-ranked resources
(e.g., artiodactyls and leporids)—possible resource depression can be observed through
time. Figure 4.9 shows that, not only are the artiodactyl index values for both periods
quite high, but there is a slight increase in the proportion of high-ranked game taken
through time. Large game seems to have been readily available in both the Paleoarchaic
and Early Archaic periods.
However, as mentioned in Chapter 3, there appears to be a significant jump in
bighorn sheep that accompanies a general decrease in deer (see Figure 3.4). Figure 4.9
also shows the decline through time in the proportion of deer within the total number of
artiodactyls identified. This temporal discrepancy could possibly be due to a reduction in
the number of mule deer—the obvious favored game species—as a result of
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Figure 4.9. Artiodactyl and deer index values through time (artiodactyl index: χ2 = 1.66, α < 0.5, df = 1; deer
index: χ2 = 8.58, α < 0.01, df = 1).

overexploitation, but, more than likely, the primary cause was the deterioration of the
local environment and prime deer habitat. Also, the increase in bighorn abundance
and overall artiodactyl proportions coincides with the appearance of the smaller Pinto
dart points. Perhaps this new technology, which replaced projectiles tipped with large
stemmed points, proved more efficient or even opened up a little-explored resource niche
(i.e., bighorn sheep) not readily available to hunters wielding atlatls with larger and
heavier projectiles (see also Pinson 2007).

Age profiles
From the artiodactyl dentition and age-sensitive skeletal material recovered
(especially unfused elements), mortality profiles for each period were constructed and
compared. Age estimates based on tooth eruption and wear showed some favoritism
toward juvenile individuals during the Paleoarchaic period, while the great majority of
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Figure 4.10. Artiodactyl age profiles from dentition (χ2 = 13.30, α < 0.001, df = 1).

Figure 4.11. Differences in age-class representation between the Paleoarchaic and Early Archaic components.
Positive values indicate a Paleoarchaic relative abundance of that age class, negative values an Early Archaic
relative abundance.
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Early Archaic individuals were adults (Figure 4.10). To see these temporal biases more
clearly, the difference in proportions for each age category were plotted (Figure 4.11).
Positive values represent a Paleoarchaic preference for that age group compared to the
Early Archaic, the inverse is true for negative values. The described biases are obvious.
These dental data were also combined with those from epiphyseal closure
identification for each period. Because such fusion estimates can only give a “younger
than” range, summed proportions were calculated and graphed (Figure 4.12). The large
jump between 3 and 3.5 years is attributed to the fact that the majority of long bones fuse
around that age (Lyman 1994). Again, differences in age group proportions between the
time periods were calculated and plotted, revealing the same relative bias of Paleoarchaic
hunters toward juvenile deer (Figure 4.13).
		

While these age class observations may seem to suggest that the Paleoarchaic

sample mule deer population is exhibiting signs of some kind of external selective
pressure, the bias towards juvenile deer during these earliest times could simply be
explained by the fact that they were easier to capture than their larger adult counterparts
while still yielding sizeable quantities of meat and other usable body parts (e.g.,
antlers). It must also be noted that these earlier individuals, even some yearlings, were
significantly larger than their later Early Archaic and modern adult counterparts and could
even represent a large extinct cervid species, Navahoceros fricki. Seventeen individuals
were identified as both subadult and large (i.e., male) within the Paleoarchaic assemblage,
and males in general were taken with greater frequency during that period (χ2 = 37.03, α
< 0.001, df = 1) (Table 4.2). If a deer population were sufficiently sizeable and healthy, as
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Figure 4.12. Cumulative percentages of artiodactyl age classes from dentition and epiphyseal closure.

Figure 4.13. Differences in cumulative percentages of age classes between the Paleoarchaic and Early Archaic
components. Higher values indicate a Paleoarchaic relative abundance of that age class.
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Table 4.2. Number of male artiodactyl individuals.

mule deer were entering the Early Holocene (Anderson 1984), selecting out large young
males, conceivably, would not stress the propagation of the herd.1
At NCS, decrease in body size through time of recovered mule deer could be
more of an indicator of external stresses upon the population than age discrimination—
again, more than likely the result of environmental change over millennia, rather than
constant human predation. While the occupation periods were repetitive and substantial,
NCS did not serve as a long-term or permanent residential settlement for a human
population significant enough to depress or deplete their primary subsistence resource
within the general vicinity.

Subsistence Change through Time
Addressing diet breadth
As discussed in the Chapter 1, the economic trade-offs and optimization of
foraging theory (various in Winterhalder and Smith 1981; Stephens and Krebs 1986;
Smith and Winterhalder 1992; Kelly 2001) and diet breadth modeling (see Broughton
1994, 1999; Ugan 2005; Stiner et al. 2000; Janetski 1997; among others) serve as the
theoretical basis for discussions of subsistence change at NCS. The basic assumption of
the diet breadth model is that a greater use of low-ranked resources reduces the overall
1
On the other hand, if the local remnant population of a large Pleistocene ruminant species (e.g., N.
fricki) was already reeling from extreme habitat degradation and niche competition and trapped within an
ever-widening patchy mosaic of inhabitable environments (see Guthrie 1984), such hunting selectivity of
young males could prove catastrophic. In this instance, the overabundance of juveniles within the assemblage could very well indicate a highly stressed cervid population.
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energetic gains of individual hunting episodes and results in an overall decrease in
forager efficiency (Broughton and Grayson 1993). Widening diet breadth, which has been
suggested as signaling the Paleoarchaic/Early Archaic transition (e.g., various in Graf
and Schmitt 2007; Rhode et al. 2005), indicates a shift toward more frequent use of lowranked resources because of availability and/or handling costs of higher-ranked resources.

Animal exploitation through time
Species preference
One method by which to observe species preference is described by Smith
(1974) where species are ranked against each other according to both MNI and usable
meat and plotted graphically. According to foraging theory, optimal selection of species
by a hunting population would create a linear graph with a slope of 1—a direct, oneto-one relationship between numerical abundance and biomass (see Broughton 1994;
Ugan 2005). Yet such a case is rarely ever observed in real archaeofaunal assemblages,
primarily because size quite often does not matter (Munro 1999; Ugan 2005), especially
when women, children, and other individuals outside of the “traditional” adult male
hunter stereotype are taken into consideration. In these instances, the capture of smaller,
lower-ranked animals by non-traditional hunters would come as an added bonus, thereby
increasing the overall subsistence efficiency of the family group (e.g., Hawkes et al.
1995, 2001; Madsen and Schmitt 1998; Elston and Zeanah 2002).
Despite the drawbacks to ranking prey according to usable meat weight, this
method can still effectively display similar groups of exploited prey graphically and the
change in species presence and preference through time. Preferred species lie closer to
the x-axis, with preferred large game species near the origin. Observed outliers lying
well above the hypothetical line of optimal selection are underrepresented larger species,
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species which are usually rare or have high handling costs. Those sitting below the line
represent smaller species whose capture exceeds the expected optimum but which may
possess very low handling costs or other non-food benefits.
When the Paleoarchaic fauna are plotted, mule deer emerges as the large game
of choice, with leporids also being preferred, though to a lesser extent (Figure 4.14).
Bighorn sheep, canids, large rodents (beaver, porcupine, marmot), and turkey all
represent larger, less-frequently exploited species, which is probably a function of their
rarity. Smaller rodents and dusky grouse appear to be exploited beyond the optimum, yet
they were probably found both nearby and in abundance and are easily taken. A similar
pattern is seen with the Early Archaic fauna, where both bighorn sheep and mule deer are
preferred (Figure 4.15). However, leporids—still the small game of choice—and small
rodents seem to have diminished in their importance within the assemblage, and all other
taxa are quite rare.
As discussed above, a significant increase in the proportion of bighorn sheep
within the assemblage accompanies a general decrease in deer (see Figures 3.3 and
4.9), more than likely due to reduction in deer habitat throughout the Early Holocene.
Although, mule deer remained the prey of choice throughout the Paleoarchaic and Early
Archaic periods, bighorn sheep make a significant jump from a rare species to a preferred
one.
With regard to small game, Paleoarchaic hunter-gatherers captured a wider variety
of species and with greater equitability than those of the Early Archaic (see Figure 4.18,
r2 values of Figures 4.14 and 4.15, and the diversity discussion below), and further
differences between the two periods are apparent when observing specific contributions
to the overall diet in terms of usable meat weights. Over half of the Paleoarchaic small
game biomass was derived from rodents, while rabbits and hares made up a third and
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Figure 4.14. MNI rank plotted against usable meat rank for Paleoarchaic taxa (r2 = 0.013). Solid circles
indicate preferred large and small game; dashed circles, small game more abundant than expected; and dotted
circles, exploited rare large and medium-sized game. The line represents a perfect one-to-one relationship
between MNI rank and meat rank.

Figure 4.15. MNI rank plotted against usable meat rank for Early Archaic taxa (r2 = 0.082). Solid circles
indicate preferred large and small game, and dashed circles, small game more abundant than expected. The
line represents a perfect one-to-one relationship between MNI rank and meat rank.

109

Figure 4.16. Relative proportions of small game usable meat by order.

Figure 4.17. Relative proportions of small game usable meat by species.
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birds about ten percent (Figure 4.16). This high proportion of rodents within the diet is
being driven by the large size and relative abundance of beavers and porcupines and,
to a lesser extent, marmots and woodrats (Figure 4.17). On the other hand, the former
figure shows nearly three-quarters of the Early Archaic small game biomass comprised of
leporids, with rodents making up the remaining fourth plus a miniscule contribution from
birds. In the later assemblage, beavers are non-existent and porcupines are reduced, while
marmots and woodrats display a nearly constant contribution (Figure 4.16).

Richness and diversity
Generally speaking, diet breadth is a relative measure of species richness and
diversity (Stephen and Krebs 1986). With respect to the Paleoarchaic/Early Archaic
transition at NCS and according to Great Basin models of the same, one should expect
greater faunal richness and diversity to signal a shift in subsistence attributable to the
proposed broad-spectrum strategy of the latter period (see various in Graf and Schmitt
2007). However, as noted in the “Settlement” section of this chapter, both genus counts
and diversity values (as calculated by the Shannon and Simpson indices) are relatively
high during the two periods and actually decrease over time (see Figure 4.3). Greater
evenness in the types of lower-ranked small animals represented in the assemblage
can also signal increased diet breadth (e.g., Broughton 1999; Ugan 2005). But again,
small game diversity at NCS remains somewhat high and also decreases between the
Paleoarchaic (Shannon = 0.492; Simpson = 0.858) and Early Archaic (Shannon = 0.781;
Simpson = 0.399) periods (Figure 4.18).
With regard to other low-ranked resources, relatively intensive small-seed
processing appears at the Paleoarchaic/Early Archaic transition in the form of an
explosion and persistence of groundstone tools (Yoder et al. 2009). Such a high111

Figure 4.18. Diversity index values (Shannon and Simpson) of small game through time.

investment, low-return subsistence activity might have reduced necessity of frequent
small-game capture, but it does not seem to indicate a definite change in or substantial
broadening of the diet, simply a new technology for increasing the efficiency of smallseed intake. As discussed above, high-ranked prey (i.e., deer and sheep) continued to be
taken in abundance during the Early Archaic (see Figure 4.9), and seeds were already
being exploited in the Paleoarchaic at NCS, just without being processed with milling
stones (Yoder et al. 2009).

Summary
Trends in mobility and diet breadth
From the faunal evidence provided through analysis of both primary and secondary
data, it appears that the NCS occupants during the two periods in question were more
similar than they were different—both residentially mobile and highly efficient hunter-
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gatherers. While richness counts and biodiversity values decrease somewhat through
time (opposite of what has been observed in the Great Basin), both imply that NCS was
not a one-dimensional logistic site in either period. Season-sensitive fauna and other
data suggest that occupations occurred during or spanned multiple seasons of the year in
both periods. Relative sedentism and intensity of activity was apparent in both periods,
though more pronounced in the Early Archaic, as evidenced by high proportions of
heavily burned and fragmented bones within the assemblage along with large middeny
zones and numerous formal features and possible structures. Body part representation
and utility indices tell us that large game was killed and processed at or very near the
site during both periods, atypical of a logistical site. Also, no resource depression was
observed. All of this points to NCS being used as a residentially mobile base during both
the Paleoarchaic and Early Archaic periods, with slightly longer and/or more intensive
occupations during the latter.
		

Unlike what has been reported for other sites in the American west during the

Paleoarchaic/Early Archaic transition, broadening of the diet does not appear to come into
play at NCS during these times. Although the Paleoarchaic hunters preferred very large
juveniles as compared to the older adults being taken during the Early Archaic, neither
population appears to exhibit evidence of external selective stress. Again, both richness
and diversity are relatively high and even decrease over time for both small game and
the total faunal assemblages. Finally, it seems that the NCS hunters were highly efficient
in their breadth and selection of prey, with changes in species presence (i.e., increase
in bighorn sheep and more xeric-adapted species and decrease in mule deer and other
upland and mesic-loving species) due more to environmental changes throughout the
Early Holocene than to human predation.
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5

conclusions

Research Objectives Readdressed
		

Recent archaeological research has suggested that the adaptive settlement

and subsistence strategies of the earliest inhabitants of North America were much
more complex than implied by the nomadic, big-game hunting stereotypes of earlier
generations (see Connolly 1999; Grayson 1993; Meltzer 1993; various in Graf and
Schmitt 2007). While Paleoarchaic occupants of the Great Basin apparently traveled great
distances throughout the landscape, they seemed to be tethered to resource-rich, lowland
mesic patches and ecotones (Beck and Jones 1997; Madsen 1999; Jones and Beck
1999; various in Graf and Schmitt 2007; Willig et al. 1988). As the climate deteriorated
throughout the Early Holocene, resource scarcity and/or unpredictability led to a dramatic
shift in adaptive settlement and subsistence strategies. Early Archaic diets and logistical
forays throughout the region expanded to include low-ranked, hard-to-process resources,
such as seeds and small game, as signaled by formal grinding stones and increased faunal
diversity (various in Graf and Schmitt 2007).
Seeing as neither comparable sites nor testable models exist for the earliest
Colorado Plateau lifeways, the above rendition of the Paleoarchaic/Early Archaic
transition has been examined using NCS faunal data. With lessons learned from the
analysis of early Great Basin sites in mind, this thesis has addressed evident differences
and similarities between the Paleoarchaic and Early Archaic time periods at NCS,
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determining settlement patterning and subsistence strategies through seasonality of
occupation, site function, resource catchment area, species diversity, and relative
proportions of specific fauna. According to the aforementioned prevailing theories
regarding the earliest inhabitants of the American west, the Paleoarchaic occupations at
NCS should have reflected greater residential mobility and narrower diet breadth than
those of the Early Archaic period (various in Graf and Schmitt 2007). However, upon
analysis of the NCS data, neither case can be demonstrated, at least definitely not to the
dramatic degree observed to the west.

Settlement and subsistence
As noted above, it is believed that the Paleoarchaic peoples of the Great Basin
were more residentially mobile than later Archaic groups, whose increased sedentism
was coupled with logistic foraging. Yet, such does not seem to be the case at NCS where
multi-season, multi-activity, residential base camps remained the primary occupation
even well into the second millennium of the Early Archaic.
With respect to subsistence patterns, the Paleoarchaic/Early Archaic transition
signified a marked shift toward a broad-spectrum strategy observable within the Great
Basin (various in Graf and Schmitt 2007). However, unlike what has been reported for
parts of the arid American west during the time in question, NCS hunters were highly
efficient in their breadth and selection of faunal prey, and no evidence that would signal
a broadening of the diet was observed within the faunal assemblage that spanned 2500
years or so.
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Revised Regional Models
Regional paleoenvironment
		

Most, if not all, of these diversions from the accepted illustrations of the earliest

lifeways within the Great Basin are more than likely related to the varying regional
ecological and climatic contexts of that landscape and that of the Colorado Plateau. The
current environmental setting of NCS contrasts with the significant Great Basin sites
(e.g., BER, Danger Cave, etc.), as it lies about a thousand feet higher (~6200 and 5200 ft,
respectively) and is set within a well-watered upland valley ecosystem where wetlands
correspond to perennial riverine communities rather than seasonal rain-fed marshes (see
various in Graf and Schmitt 2007; Beck and Jones 1997; Rhode et al. 2005; Grayson
1993, 2002; Wigand and Rhode 2002; Madsen 2002). Such differences were probably
only magnified during the earliest Holocene, wherein paleoenvironmental modeling using
data from packrat middens describes a depression of vegetative belts throughout the
region (Cole 1995, 1990; Betancourt 1984; Betancourt and Davis 1984; Cole and Arundel
2005) (see Figure 1.1).
Today, NCS sits near the upper limit of the piñon-juniper woodland, but at
the time in question (~10,000-7500 BP) the site was probably surrounded by a mixed
ponderosa pine-fir-aspen forest transitioning into spruce (see Figure 1.1). Faunal and
floral evidence from NCS supports this notion, as remains of montane and/or mesicloving organisms, now rare or absent from the region, abound in the earliest deposits
(e.g., beaver, diving ducks, yellow-bellied marmot, dusky grouse, mustelids, voles, etc.;
Douglas fir, tall pine, aspen/willow, hackberry, cliffrose, mountain mahogany, etc.).
However, this period was also marked by dramatic climatic and, thus, environmental
changes shifting to more xeric conditions toward the end of the early Holocene (Grayson
2002; Schmitt and Madsen 2005; Rhode and Louderback 2007; Huckleberry et al. 2001;
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Madsen et al. 2001) (see Figure 1.1). This, too, is observed to some extent within the
faunal record, evidenced by a decrease in or loss of the same numerous upland and
mesic-loving animals and an increase in others suited to a drier environment, such as
bighorn sheep.
		

It is very possible that NCS, set in a mixed-forest setting near the confluence of

three major stream systems fed by remnant glacial lakes and upland precipitation, could
have served as a forest-wetland ecotone, with its accompanying biotic diversity. The
presence of diving ducks and especially beaver in the Paleoarchaic is highly significant,
as both require permanent, stable, slow-moving bodies of water typical of a wetland
ecotone. The Aquarius Plateau to the north, the highest plateau in North America (Flint
and Denny 1958), was the final refuge of Utah glaciation at the end of the Pleistocene
(Stokes 1986). Boulder Mountain itself (the northeastern section of the plateau) supported
an ice cap of more than 50 mi2 draping over the edges of the plateau in several broad
lobes and outlet glaciers as long as 9 mi that descended as low as 6600 ft in elevation—a
mere 400 ft above NCS (Stokes 1986). The Boulder Mountain ice cap did not begin its
final retreat until sometime after ~15,000 BP (Marchetti et al. 2005), and the flow from
the recently melted glaciers and their remains would have been substantial at the Terminal
Pleistocene/Early Holocene transition. In fact, the immediate vicinity of NCS within the
upper Escalante Valley probably resembled the environment of Utah’s upland plateaus of
today, including rich forests of aspen, spruce, and fir, as well as subalpine grasslands and
wet meadows—a stark contrast to the more arid Great Basin to the west.

The Paleoarchaic on the Colorado Plateau
Based on my studies of the NCS fauna, the Paleoarchaic occupants of this part
of the Colorado Plateau do not appear to have lived significantly different lifestyles than
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their counterparts in the Great Basin. The material culture in both regions is exemplified
by large stemmed projectile points, an abundance of exotic toolstone—though not as
abundant at NCS as in the Great Basin (Bodily 2009)—a lack of formal groundstone, and
sizeable quantities of large animal bone. The diet was broad, with small mammals, birds,
and a variety of plants all contributing significantly to the diet (see Yoder et al. 2009);
however, large game hunting appears to have played a much larger role in these wellwatered uplands of the Colorado Plateau than in the Basin (see Hockett 2007; Pinson
2007), and the presence of extinct megafaunal cervids within the NCS diet remains a
possibility.
Settlement data from the Great Basin imply a wetland ecotone settlementsubsistence focus by highly mobile groups during this early period (Beck and Jones
1997; Madsen 1999; Jones and Beck 1999; various in Graf and Schmitt 2007; Willig et
al. 1988), which could very well be the case in this part of the Colorado Plateau as well.
However, the extensive nature of the multiple Paleoarchaic use surfaces, thick middeny
zones, and formal constructed features at NCS, along with evidence of multi-seasonal
occupations, suggest a somewhat less mobile strategy than seen in the Great Basin.
Logically, if resources were abundant in one place for most of the year, as they appear to
be on the Colorado Plateau surrounding NCS, there would be less of a need to move so
often.

The Early Archaic on the Colorado Plateau
The Early Archaic occupations at NCS, on the other hand, appear to be somewhat
different from those seen in the Great Basin, in that the technology changed but there
was no observable transition to Archaic lifeways (e.g., increase in logistical mobility
and broadening of the diet). Projectile points switched to smaller notched forms, the
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use of local toolstone was greater (Bodily 2009), and small-seed processing technology
appeared in the form of formal groundstone (Yoder et al. 2009), but Early Archaic
occupations at NCS differed from those in the Paleoarchaic only in degree, not form.
While site occupation may have been more intensive and possibly longer, as evidenced
by numerous formal features, large middens, and multiple residential activities, NCS still
served as a residentially mobile base as it did in Paleoarchaic times.
However, the major difference between NCS and the Great Basin deals with the
broadening of the diet in response to the depletion of high-ranked resources due to Early
Holocene environmental degradation, which signals the transition to Archaic subsistence
strategies in the Basin (various in Graf and Schmitt 2007; Grayson 2002; Schmitt and
Madsen 2005). Early Archaic occupations are relatively common on the Colorado Plateau
and document an abundance of faunal resources and the continued importance of large
game despite the relatively swift introduction and prevalence of small-seed processing
(see Van Ness and Hansen 1996 for a review). However, the numbers of individuals
within the faunal assemblages of these sites are dominated by small game and are
nowhere near the vast amount recovered at NCS (see Jennings 1980; Geib 1996; Geib
and Davidson 1994; among others).
Indeed, despite what has been observed for the Great Basin and elsewhere on
the Colorado Plateau, faunal evidence from NCS, the only site on the Plateau with
Paleoarchaic/Early Archaic continuity, shows no signs of depletion of high-ranked
resources during these early periods, but a sustained abundance of large game across the
Paleoarchaic/Early Archaic boundary. However, two interconnected explanatory causes
may be in play here—time and environment. First, the Early Archaic period within the
American west was assumed to span between ~8000 and 7000 BP (e.g., Schmitt and
Madsen 2005), whereas the majority of NCS Early Archaic dates fall between ~9000 and
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7500 BP (see Table 1.2) based on changes in tool technology—projectile point types,
formal groundstone, etc. It could be that the window of observation at NCS closes before
we see the significant changes in mobility and diet breadth that are observed elsewhere
during the “later” Early Archaic (see Bodily 2009 for a similar conclusion derived from
NCS lithic data). Second, as mentioned previously, the well-watered, resource-rich
upland setting of NCS contrasts starkly with the more xeric environments of the Great
Basin and even much of the Colorado Plateau. It could also be that the vast climatic
changes occurring during the Early Holocene that dried the marshes and wetlands of the
Basin and the canyonlands of the Plateau merely transformed the NCS surroundings into
a riverine community within a piñon-juniper woodland (see Figure 1.1) with enough
permanent water and vegetation to sustain biotic diversity and significant populations of
large game.

Summary and Conclusion
The Early Holocene in North America (~11,000 to 8000 BP) was a time of
significant environmental and cultural change, making the understanding of human
lifeways during this period of considerable interest to archaeology. However, wellpreserved and stratified archaeological sites dating to this time are nearly non-existent.
Data derived from NCS are revealing the first glimpses of the earliest inhabitants of the
Colorado Plateau, an important crossroads between the Great Plains, Rocky Mountains,
American Southwest, and Great Basin regions.
The Plateau appears to have served as a zone of cultural transition and
transmission, where the earliest occupants, their tools, and their lifeways were neither
singularly Paleoarchaic nor Paleoindian in nature, but something of a conglomerate.
During the first 2500 years of its known existence, NCS served as a resource-rich home
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to peoples of the earliest Holocene subsisting on a broad range of animals but focused
predominately on large game hunting, not unlike the Paleoindian groups in the Rocky
Mountains (see Pitblado 2003; Stiger 2006; Stanford 1999; Jodry and Stanford 1992)
and on the Great Plains to the east and elsewhere throughout North America (see Haynes
2007, 2002; various in Walker and Driskell 2007). The possibility of extinct megafaunal
deer within the earliest NCS diets magnifies the already close similarities in subsistence
preference and strategy between the NCS and these “outside” Paleoindian groups. Also,
with the introduction of small-seed processing to NCS at around 9000 BP (Yoder et al.
2009), it does not appear that groundstone technology flourished to compensate for a
lack or even reduction in the abundance of high-ranked resources. The Early Archaic
occupants of NCS were simply Paleoarchaic peoples adopting new technologies to
supplement their Paleoindian-like subsistence practices.
However, it is within the toolkit and lithic technology of these first inhabitants that
their cultural differences from the Paleoindians emerge. Most often, an archaeological
culture is defined by its remnant material culture, and the artifacts left behind at NCS
closely resemble those of the Great Basin Paleoarchaic culture to the west (or even that of
the American Southwest), where stemmed projectile points are preferred over fluted ones,
notched flakes replace crescents as accessory tools, and so on (see Bodily 2009). In fine,
NCS provided a location for Paleoindian subsistence to be acquired with Paleoarchaic
technology, thereby allowing a Paleoarchaic culture to live a Paleoindian lifestyle.
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